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Copper Minerals from Australia 


We are constantly receiving shipments from this far away continent, as may be 
imagined from our frequent references to them. Nearly forty huge cases, totaling 
about eight thousand pounds, represent the extent of three years’ importations! 
Following, we list a few minerals just placed on sale, being the most deserving of 
many varieties unpacked from this month’s consignment: 

ATACAMITE. A large assortment collected and purchased at the locality. 
Better quality than the few samples previously offered. Clear and acicular crys- 
tals on durable gangue, 50c. to $4.00. 

MALACHITE. Several good ones of the bright mammillary type. They 
are quick sellers and represent an important locality. Many suitable for cutting, 
50c. to $3.00. 

AZURITE. Odd concretionary masses with vividly crystallized centers. 
They're a little out of the ordinary and not many of them. 50c. to $2.00. 

: COPPER. Delicate fern-like crystallizations—just the kind that look well 


when mounted. Good taste demands the admission of one to your collection. 


50c. to 31.50. 
MALACHITE AFTER AZURITE. Groups showing gradual and com- 


plete transformation. You can’t get a better illustration of pseudomorphism in 
its intermediate changes. 50c. to $6.00. 


STOCK EXAMINATION 


Has proved a bonanza in the unexpected development of the richness of our 
reserve boxes. We can only give space to the mention of a few varieties pre- 
pared for your inspection, but promise many interesting announcements for the 
coming months. 

MATLOCKITE, Cromford, Eng. One case revealed some forty or fifty 
examples, several of which would bring credit to the cabinets of many of our 
customers. No more can be had from the Derbyshire locality, and these repre- 
sent a part of the valuable collections purchased there by Dr. Foote in 1892. 
$1.50 to $10.00 and a few more expensive. 

PHOSGENITE, Cromford. Something of well known value and appreciated 
by the advanced collectors. Strange that they should have been overlooked 
when the material was originally worked up, but they’re welcome at any time. 


$1.00 to $8.00. 
CERUSSITE, Cromford. Twinnings of characteristic habit on Galena. 


50ce. to $3.00. 
HOLIDAY SUGGESTIONS. 


A number of pretty minerals polished and crystallized, affording acceptable 
gifts for your friends interested in mineralogy. 

SULPHUR. Very showy groups, 50c. to $3.00. 

RUBELLITE, always attractive, 50c. 

COLEMANITE, sure to please, 50c. to $3.00. 

OPALIZED WOOD, a petrifaction, 50c. up. 

Paper weights of Agate, Opal Wood and Onyz. 
dorite, Malachite, Serpentine. ete. 


MINERAL COLLECTIONS prepared systematically and arranged in 
neat quartered oak compartment cabinets. Drop a card for our catalogue, free. 


Dr. A. EK. FOOTE, 


WARREN M. FOOTE, Manager. 


1317 Arch Street, Philadelphia, Pa., U. S. A. 


ESTABLISHED 1876, 


Polished Smithsonite, Labra- 
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AMERICAN JOURNAL OF SCIENCE 


[FOURTH SERIES. } 


Art. XLV.—The Highest Aim of the Physicist; by Henry 
A. RowLanp. 


[ADDRESS DELIVERED TO THE PHYSICAL SOCIETY OF AMERICA BY THE PRESIDENT 
AT ITS MEETING IN NEW YORK, OCTOBER 28, 1899.] 


GENTLEMEN AND FELLOW Puysicists oF AMERICA—-We 
meet to-day on an occasion which marks an epoch in the his- 
tory of physics in America; may the future show that it also 
marks an epoch in the history of the science which this society 
is organized to cultivate! For we meet here in the interest of 
a science above all sciences which deals with the foundation of 
the Universe, with the constitution of matter from which 
everything in the Universe is made and with the ether of 
space by which alone the various portions of matter forming 
the Universe affect each other even at such distances as we may 
never expect to traverse whatever the progress of our science 
in the future. 

We, who have devoted our lives to the solution of problems 
connected with physics, now meet together to help each other 
and to forward the interests of the subject which we love. A 
subject which appeals most strongly to the better instincts of 
our nature and the problems of which tax our minds to the 
limit of their capacity and suggest the grandest and noblest 
ideas of which they are capable. 

In a country where the doctrine of the equal rights of man 
has been distorted to mean the equality of man in other 
respects, we form a small and unique body of men, a new 
variety of the human race as one of our greatest scientists calls 
it, whose views of what constitutes the greatest achievement 
in life are very different from those around us. In this respect 
we form an aristocracy, not of wealth, not of pedigree, but of 
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intellect and of ideals, holding him in the highest respect who 
adds the most to our knowledge or who strives after it as the 
highest good. 

Thus we meet together for mutual sympathy and the inter- 
change of knowledge, and may we do so ever with appreciation 
of the benefits to ourselves and possibly to our science. Above 
all, let us cultivate the idea of the dignity of our pursuit so 
that this feeling may sustain us in the midst of a world which 
gives its highest praise, not to the investigation in the pure 
etherial physics which our society is formed to cultivate, but 
to the one who uses it for satisfying the physical rather than 
the intellectual needs of mankind. He who makes two blades 
of grass grow where one grew before is the benefactor of man- 
kind; but he who obscurely worked to find the laws of such 
growth is the intellectual superior as well as the greater bene- 
factor of the two. 

How stands our country, then, in this respect? My answer 
must still be now as it was fifteen years ago, that much 
of the intellect of the country is still wasted in the pursuit 
of so-called practical science which ministers to our physical 
needs and but little thought and money is given to the grander 
portion of the subject which appeals to our intellect alone. 
But your presence here gives evidence that such a condition 
is not to last forever. 

Even in the past we have a few names whom scientists 
throughout the world delight to honor. Franklin, who almost 
revolutionized the science of electricity by a few simple but 
profound experiments. Count Rumford, whose experiments 
almost demonstrated the nature of heat. Henry, who might 
have done much for the progress of physics had he published 
more fully the results of his investigations. Mayer, whose 
simple and ingenious experiments have been a source of 
pleasure and profit to many. This is the meager list of those 
whom death allows me to speak of and who have earned men- 
tion here by doing something for the progress of our science. 
And yet the record has been searched for more than a hundred 
years. How different had | started to record those who have 
made useful and beneficial inventions! 

But I know, when i look in the faces of those before me, 
where the eager intellect and high purpose sit enthroned on 
bodies possessing the vigor and strength of youth, that the 
writer of a hundred years hence can no longer throw such a 
reproach upon our country. Nor can we blame those who 
have gone before us. The progress of every science shows us 
the condition of its growth. Very few persons, if isolated in 
a semi-civilized land, have either the desire or the opportunity 
of pursuing the higher branches of science. Even if they 
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should be able to do so, their influence on their science depends 
upon what they publish and make known to the world. A 
hermit shibingiune we can imagine might make many useful 
discoveries. Yet, if he keeps them to himself, he can never 
claim to have benefited the world in any degree. His unpub- 
lished results are his private gain, but the world is no better off 
until he has made them known in language strong enough to 
call attention to them and to convince the world of their 
truth. Thus, to encourage the growth of any science, the best 
thing we can do is to meet together in its interest, to discuss 
its problems, to criticise each other’s work and, best of all, to 
provide means by which the better portion of it may be made 
known to the world. Furthermore, let us encourage discrimi- 
nation in our thoughts and work. Let us recognize the eras 
when great thoughts have been introduced into our subject 
and let us honor the great men who introduced and proved 
them correct. Let us forever reject such foolish ideas as the 
equality of mankind and carefully give the greater credit to 
the greater man. So, in choosing the subjects for our investi- 
gation, let us, if possible, work upon those subjects which will 
finally give us an advanced knowledge of some great subject. 
I am aware that we cannot always do “this : our ideas will often 
flow in side channels: but, with the great problems of the 
Universe before us, we may sometime be able to do our share 
toward the greater end. 

What is matter; what is gravitation; what is ether and the 
radiation through it ; what is electricity and magnetism ; how 
are these connected together and what is their relation to heat ? 
These are the greater problems of the universe. But many 
infinitely smaller problems we must attack and solve before 
we can even guess at the solution of the greater ones. 

In our attitude toward these greater ‘problems how do we 
stand and what is the foundation of our knowledge ? 

Newton and the great array of astronomers who have sue- 
ceeded him have proved that, within planetary distances, mat- 
ter attracts all others with a force varying inversely as the 
square of the distance. But what sort of proof have we of 
this law? It is derived from astronomical observations on the 
planetary orbits. It: agrees very well within these immense 
spaces; but where is the evidence that the law holds for 
smaller distances? We measure the lunar distance and the 
size of the earth and compare the force at that distance with 
the force of gravitation on the earth’s surface. But to do this 
we must compare the matter in the earth with that in the sun. 
This we can only do by assuming the law to be proved. 
Again, in descending from the earth’s gravitation to that of 
two small bodies, as in the Cavendish experiment, we asswme 
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the law to hold and deduce the mass of the earth in terms of 
our unit of mass. Hence, when we say that the mass of the 
earth is 54 times that of an equal volume of water we assume 
the law of gravitation to be that of Newton. Thus a proof of 
the law from planetary down to terrestrial distances is phys- 
ically impossible. 

Again, that portion of the law which says that gravitational 
attraction is proportional to the quantity of matter, which is 
the same as saying that the attraction of one body by another 
is not affected by the presence of a third, the feeble proof that 
we give by weighing bodies in a balance in different positions 
with respect to each other cannot be accepted on a larger scale. 
When we can tear the sun into two portions and prove that 
either of the two halves attracts half as much as the whole, 
then we shall have a proof worth mentioning. 

Then as to the relation of gravitation and time what can we 
say? Can we for a moment suppose that two bodies moving 
through space with great velocities have their gravitation anal- 
tered? I think not. Neither can we accept Laplace’s proof 
that the force of gravitation acts instantaneously through 
space, for we can readily imagine some compensating features 
unthought of by Laplace. 

How little we know then of this law which has been under 
observation for two hundred years! 

Then as to matter itself how have our views changed and 
how are they constantly changing. The round hard atom of 
Newton which God alone could break into pieces has become 
a molecule composed of many atoms, and each of these smaller 
atoms has become so elastic that after vibrating 100,000 times 
its amplitude of vibration is searcely diminished. It has be- 
come so complicated that it can vibrate with as many thousand 
notes. We cover the atom with patches of electricity here 
and there and make of it a system compared with which the 
planetary system, nay the universe itself, is simplicity. Nay 
more: some of us even claim the power, which Newton attri- 
buted to God alone, of breaking the atom into smaller pieces 
whose size is left to the imagination. Where, then, is that person 
who ignorantly sneers at the study of matter as a material and 
gross study? Where, again, is that man with gifts so God-like 
and mind so elevated that he can attack and solve its problem ¢ 

To all matter we attribute two properties, gravitation and 
inertia. Without these two matter cannot exist. The great- 
est of the natural laws states that the power of gravitational 
attraction is proportional to the mass of the body. This law 
of Newton, almost neglected in the thoughts of physicists, 
undoubtedly has vast import of the very deepest meaning. 
Shall it mean that all matter is finally constructed of uniform 
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and similar primordial atoms or can we find some other expla- 
nation 

That the molecules of matter are not round, we know from 
the facts of crystallography and the action of matter in rota- 
ting the plane of polarization of light. 

That portions of the molecules and even of the atoms are 
electrically charged, we know from electrolysis, the action of 
gases in a vacuum tube and from the Zeeman effect. 

That some of them act like little magnets, we know from the 
magnetic action of iron, nickel and cobalt. 

That they are elastic, the spectrum shows, and that the vibra- 
ting portion carries the electrified charge with it is shown by 
the Zeeman effect. 

Here, then, we have made quite a start in our problem: but 
how far are we from the complete solution? How can we 
imagine the material of which ordinary or primordial atoms 
are made, dealing as we do only with aggregation of atoms 
alone? Forever beyond our sight, vibrating an almost infi- 
nite number of times in a second, moving hither and yon with 
restless energy at all temperatures beyond the absolute zero of 
temperature, it is certainly a wonderful feat of human reason 
and imagination that we know as much as we do at present. 
Encouraged by these results, let us not linger too long in their 
contemplation bnt press forward to the new discoveries Which 
await us in the future. 

Then as to electricity, the subtile spirit of the amber, the 
demon who reached out his gluttonous arms to draw in the light 
bodies within his reach, the fluid which could run through 
metals with the greatest ease but could be stopped by a frail 
piece of glass! Where is it now? Vanished, thrown on the 
waste heap of our discarded theories to be replaced by a far 
nobler and exalted one of action in the ether of space. 

And so we are brought to consider that other great entity— 
the ether: filling all space without limit, we imagine the ether 
to be the only means by which two portions of matter distant 
from each other can have any mutual action. By its means 
we imagine every atom in the universe to be bound to every 
other atom by the force of gravitation and often by the force 
of magnetic and electric action, and we conceive that it alone 
conveys the vibratory motion of each atom or molecule out 
into space to be ever lost in endless radiation, passing out into 
infinite space or absorbed by some other atoms which happen 
to be in its path. . By it all electromagnetic energy is conveyed 
from the feeble attraction of the rubbed amber through the 
many thousand horse-power conveyed by the electric wires 
from Niagara to the mighty rush of energy always flowing 
from the Sun in a flood of radiation. Actions feeble and 
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actions mighty from inter-molecular distances through inter- 
planetary and inter-stellar distances until we reach the mighty 
distances which bound the Universe-—all have their being in this 
wondrous ether. 

And yet, however wonderful it may be, its laws are far 
more simple than those of matter. Every wave in it, what- 
ever its length or intensity, proceeds onwards in it according 
to well known laws, all with the same speed, unaltered in diree- 
tion from its source in electrified matter, to the confines of the 
Universe unimpaired im energy unless it is disturbed by the 
presence of matter. However the waves may cross each other, 
each proceeds by itself without interference with the others. 

So with regard to gravitation, we have no evidence that the 
presence of a third body affects the mutual attraction of two 
other bodies or that the presence of a third quantity of elec- 
tricity affects the mutual attraction of two other quantities. 
The same for magnetism. 

For this reason the laws of gravitation and of electric and 
magnetic action including radiation are the simplest of all laws 
when we confine them to a so-called vacuum, but become more 
and more complicated when we treat of them in space contain- 
ing matter. 

Subject the ether to immense electrostatic, magnetic or 
gravitational forces and we find absolutely no signs of its 
breaking down or even change of properties. Set it into 
vibration by means of an intensely hot body like that of the 
sun and it conveys many thousand horse-power for each square 
foot of surface as quietly and with apparently unchanged laws 
as if it were conveying the euergy of a tallow dip. 

Again, subject a millimeter of ether to the stress of many 
thousand, nay even a million, volts and yet we see no signs of 
breaking down. 

Hence the properties of the ether are of ideal simplicity and 
lead to the simplest of natural laws. All forees which act at 
a distance, always obey the law of the inverse square of the 
distance and we have also the attraction of any number of 
parts placed near each other equal to the arithmetical sum of 
the attractions when those parts are separated. So also the 
simple law of etherial waves which has been mentioned above. 

At the present time, through the labors of Maxwell supple- 
mented by those of Hertz and others, we have arrived at the 
great generalization that all wave disturbances in the ether are 
electromagnetic in their nature. - We know of little or no 
etherial disturbance which can be set up by the motion of 
matter alone: the matter must be electrified in order to have 
sufficient hold on the ether to communicate its motion to the 
ether. The Zeeman effect even siiows this to be the case 
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where molecules are concerned and when the period of vibra- 
tion is immensely great. Indeed the experiment on the mag- 
netic action of electric convection shows the same thing. By 
electrifying a disc in motion it appears as if the dise holds fast 
to.the ether and drags it with it, thus setting up the peculiar 
etherial motion known as magnetism. 

Have we not another case of a similar nature when a huge 
gravitational mass like that of the earth revolves on its axis ¢ 
Has not matter a feeble hold on the ether sufficient to produce 
the earth’s magnetism ? 

But the experiment of Lodge to detect such an action 
apparently showed that it must be very feeble. Might not his 
experiment have succeeded had he used an electrified revolv- 
ing dise ? 

To detect something dependent on the relative motion of 
the ether and matter has been and is the great desire of phys- 
icists. But we always find that, with one possible exception, 
there is always some compensating feature which renders our 
efforts useless. This one experiment is the aberration of light, 
but even here Stokes has shown that it may be explained in 
either of two ways: first, that the earth moves through the 
ether of space without disturbing it, and second, if it carries the 
ether with it by a kind of motion called irrotational. Even 
here, however, the amount of action probably depends upon 
relative motion of the luminous source to the recipient tele- 
scope. 

So the principle of Déppler depends also on this relative 
motion and is independent of the ether. 

The result of the experiments of Foucault on the passage of 
light through moving water can no longer be interpreted as 
de to the partial movement of the ether with the moving 

water, an inference due to imperfect theory alone. The 
experiment of Lodge, who attempted to set the ether in motion 
by a rapidly rotating disc, showed no such result. 

The experiment ‘of Michelson to detect the etherial wind, 
although carried to the extreme of accuracy, also failed to 
detect any relative motion of the matter and the ether. 

But matter with an electrical charge holds fast to the ether 
and moves it in the manner required for magnetic action. 

When electrified bodies move together through space or 
with reference to each other we can only follow their mutual 
actions through very slow and uniform velocities. When they 
move with velocities comparable with that of light, equal to it 
or even beyond it, we calculate their mutual actions or action 
on the ether only by the light of our imagination unguided by 
experiment. The conclusions of J. J. “Thomson, Heaviside 
and Hertz are all results of the imagination and they all rest 
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upon assumptions more or less reasonable but always assump- 
tions. A mathematical investigation always obeys the law of 
the conservation of knowledge: we never get out more from 
it than we putin. The knowledge may be changed in form, 
it may be clearer and more exactly stated, but the total amount 
of the knowledge of nature given out by the investigation is 
the same as we started with. Hence we can never predict the 
result in the case of velocities beyond our reach, and such cal- 
culations as the velocity of the cathode rays from their electro- 
magnetic action has a great element of uncertainty which we 
should do well to remember. 

Indeed, when it comes to exact knowledge, the limits are far 
more circumscribed. 

How is it, then, iuat we hear physicists and others constantly 
stating what will happen beyond these limits? Take veloci- 
ties, for instance, such as that of a material body moving with 
the velocity of light. There is no known process by which 
such a velocity can be obtained even though the body fell from 
an infinite distance upon the largest aggregation of matter in the 
Universe. If we electrify it, as in the cathode rays, its prop- 
erties are so changed that the matter properties are completely 
masked by the electromagnetic. 

It is a common error which young physicists are apt to fall 
into to obtain a law, a curve or a mathematical expression for 
given experimental limits and then to apply it to points outside 
those limits. This is sometimes called extrapolation. Such a 
process, unless carefully guarded, ceases to be a reasoning 
process and becomes one of pure imagination specially liable 
to error when the distance is too great. 

But it is not my purpose to enter into detail. What I have 
given suffices to show how little we know of the profounder 
questions involved in our subject. 

It is a curious fact that, having minds tending to the infinite, 
with imaginations unlimited by time and space, the limits of 
our exact knowledge are very small indeed. In time we are 
limited by a few hundred or possibly thousand years: indeed 
the limit in our science is far less than the smaller of these 
periods. In space we have exact knowledge limited to por- 
tions of our earth’s surface and a mile or so below the surface, 
together with what little we can learn from looking through 
powerful telescopes into the space beyond. In temperature 
our knowledge extends from near the absolute zero to that of 
the sun but exact knowledge is far more limited. In pressures 
we go from the Crookes vacuum still containing myriads of 
flying atoms to pressures limited by the strength of steel but 
still very minute compared with the pressures at the center of 
the earth and sun, where the hardest steel would flow like the 
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“most limpid water. In velocities we are limited to a few miles 
er second. In forces to possibly 100 tons to the square inch. 
n mechanical rotations to a few hundred times per second. 

All the facts which we have considered, the liability to error 
in whatever direction we go, the infirmity of our minds in their 
reasoning power, the fallibility of witnesses and experimenters, 
lead the scientist to be specially sceptical with reference to any 
statement made to him or any so-called knowledge which may 
be brought to his attention. The facts and theories of our 
science are so much more certain than those of history, of the 
testimony of ordinary people on which the facts of ordinary 
history or of legal evidence rest, or of the value of medicines to 
which we trust when we are ill, indeed to the whole fabrie of 
supposed truth by which an ordinary person guides his belief 
and the actions of his life, that it may seem ominous and 
strange if what I have said of the imperfections of the knowl- 
edge of physics is correct. How shall we regulate our minds 
with respect to it: there is only one way that I know of and 
that is to avoid the discontinuity of the ordinary, indeed the 
so-called cultivated legal mind. There is no such thing as 
absolute truth and absolute falsehood. The scientific mind 
should never recognize the perfect truth or the perfect false- 
hood of any supposed theory or observation. It should care- 
fully weigh the chances of truth and error and grade each in 
its proper position along the line joining absolute truth and 
absolute error. 

The ordinary crude mind has only two compartments, one 
for truth and one for error; indeed the contents of the two 
compartments are sadly mixed in most cases : the ideal scientific 
mind, however, has an infinite number. Each theory or law is 
in its proper compartment indicating the probability of its 
truth. As a new fact arrives the scientist changes it from one 
compartment to another so as, if possible, to always keep it in 
its proper relation to truth and error. Thus the fluid nature of 
electricity was once in a compartment near the truth. Fara- 
day’s and Maxwell’s researches have now caused us to move it 
to a compartment nearly up to that of absolute error. 

So the law of gravitation within planetary distances is far 
toward absolute truth, but may still need amending before it is 
advanced farther in that direction. 

The ideal scientific mind, therefore, must always be held in 
a state of balance which the slightest new evidence may change 
in one direction or another. It is in a constant state of skepti- 
cism, knowing full well that nothing is certain. It is above all 
an agnostic with respect to all facts and theories of science as 
well as to all other so-called beliefs and theories. 

Yet it would be folly to reason from this that we need not 
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guide our life according to the approach to knowledge that we 
possess. Nature is inexorable; it punishes the child who 
unknowingly steps off a precipice quite as severely as the 
grown scientist who steps over, with full knowledge of all the 
laws of falling bodies and the chances of their being correct. 
Both fall to the bottom and in their fall obey the gravitational 
laws of inorganie matter, slightly modified by the muscular 
contortions of the falling object but not in any degree changed 
by the previous belief of the person. Natural laws there prob- 
ably are, rigid and unchanging ones at that. Understand them 
and they are beneficent: we can use them for our purposes 
and make them the slaves of our desires. Misunderstand them 
and they are.monsters who may grind us to powder or crush 
us in the dust. Nothing is asked of us as to our belief: they 
act unswervingly and we must understand them or suffer the 
consequences. Our only course, then, is to act according to 
the chances of our knowing the right laws. If we act cor- 
rectly, right; if we act incorrectly, we suffer. If we are 
ignorant we die. What greater fool, then, than he who states 
that belief is of no consequence provided it is sincere. 

An only child, a beloved wife, lies on a bed of illness. The 
physician says that the disease is mortal ; a minute plant called 
a microbe has obtained entrance into the body and is growing 
at the expense of its tissues, forming deadly poisons in the 
blood or destroying some vital organ. The physician looks on 
without being able to do anything. Daily he comes and notes 
the failing strength of his patient and daily the patient goes 
downward until he rests in his grave. But why has the 
physician allowed this? Can we doubt that there is a remedy 
which shall kill the microbe or neutralize its poison? Why, 
then, has he not used it? He is employed to cure but has 
failed. His bill we cheerfully pay because he has done his 
best and given a chance of cure. The answer is égnorance. 
The remedy is yet unknown. The physician is waiting for 
others to discover it or perhaps is experimenting in a crude 
and unscientific manner to tind it. Is not the inference correct, 
then, that the world has been paying the wrong class of 
men? Would not this ignorance have been dispelled had the 
proper money been used in the past to dispel it? Such 
deaths some people consider an act of God. What blasphemy 
to attribute to God that which is due to our own and our 
ancestors’ selfishness in not founding institutions for medical 
research in sufticient number and with sufficient means to dis- 
cover the truth. Such deaths are murder. Thus the present 
generation suffers for the sins of the past and we die because 
our ancestors dissipated their wealth in armies and navies, in 
the foolish pomp and circumstance of society, and neglected to 
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provide us with a knowledge of natural laws. In this sense 
they were the murderers and robbers of future generations of 
unborn millions and have made the world a charnel house and 
place of mourning where peace and happiness might have been. 
Only their ignorance of what they were doing can be their 
excuse, but this excuse puts them in the class of bvors and 
savages who act according to selfish desire and not to reason 
and to the calls of duty. Let the present generation take 
warning that this reproach be not cast on it, for it cannot plead 
ignorance in this respect. 

This illustration from the department of medicine I have 
given because it appeals to all. But all the sciences are 
linked together and must advance in concert. The human 
body is a chemical and physical problem, and these sciences 
must advance before we can conquer disease. 

But the true lover of physics needs no such spur to his 
actions. The cure of disease is a very important object and 
nothing can be nobler than a life devoted to its enre. 

The aims of the physicist, however, are in part purely intel- 
lectual: he strives to understand the Universe on account of 
the intellectual pleasure derived from the pursuit, but he is 
upheld in it by the knowledge that the study of nature’s secrets 
is the ordained method by which the greatest good and happi- 
ness shall finally come to the human race. 

Where, then, are the great laboratories of research in this city, 
in this country, nay, in the world? We see a few miserable 
structures here and there occupied by a few starving professors 


‘who are nobly striving to do the best with the feeble means at 


their disposal. But where in the world is the institute of 
pure research in any department of science with an income of 
$100,000,000 per year. Where can the discoverer in pure 
science earn more than the wages of a day laborer or cook ? 
But $100,000,000 per year is but the price of an army or of a 
navy designed to kill other people. Just think of it, that one 
per cent of this sum seems to most people too great to save our 
children and descendants from misery and even death ! 

But the twentieth century is near—may we not hope for better 
things before itsend ? May we not hope to influence the public 
in this direction ? 

Let us go forward, then, with confidence in the dignity of 
our pursuit. Let us hold our heads high with a pure conscience 
while we seek the truth, and may the American Physical 
Society do its share now and in generations yet to come in 
trying to unravel the great problem of the constitution and 
laws of the Universe. 
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Art. XLVI.—Wotice of an Aerolite that recently fell at 
Allegan, Michigan; by Henry L. Warp. 


[Announced before the Rochester Academy of Sciences, Oct. 10th.] 


AT eight A.M. on Monday, July 10th, of the present year 
there fell at Allegan, Michigan (about 32 miles S.S.W. of 
Grand Rapids), the aerolite herein noticed. An account of the 
fall was published by the Allegan Gazette in its issue of July 
15th ; but as I have a report of this phenomenon directly from 
an eye-witness, who was very near len the stone struck, who 
assisted in its excavation, and who was a part owner of it, the 
‘information furnished by him has been used rather than that 
of the newspaper. Both agree, however, in their essential 
features. 

The newspaper account states that a piece of the meteorite 
was reported to have fallen at Dunningville [about eight miles 
N.W. of Allegan] and another on the lake shore [the nearest 
point of which lies about 20 miles west of Allegan]. A resi- 
dent of Dunningville informs me that this report is erroneous 
as far as that village is concerned; as no one in the village 
knew anything about it except from the published report. To 
the best of my knowledge nothing further has been heard of 
the piece reported to have fallen on the lake shore; so it is 
presumable that this assertion also is erroneous. 

Mr. Walter Price, of Allegan, writes in answer to my 
inquiries: “I was working on the road when the meteorite 
struck ; it fell inside the viliage limits in nearly the center of 
the street.” The exact locality is the Thomas hill on the Sauga- 
tuck road. Mr. Price continues: “It came from the north- 
west, and passed within about forty feet from where we were 
working and struck about ten rods beyond in the sand (the 
road was a little sandy). The first we noticed we heard a 
report in the sky as if a large cannon had been fired, and after 
that there was a rumbling noise which lasted about five minutes 
(this is as near as [ could guess). When we heard this rum- 
bling sound we began to look up, and saw a black ball, about 
the size of a man’s fist, coming our way. By this time the 
sound had changed to a noise very much like one caused by 
throwing a red-hot iron into a tub of water, and when it passed 
by it sounded like an engine blowing off steam. There seemed 
to be, also, a blue streak behind it about six feet long which 
tapered back to a sharp point. When the meteorite struck we 
saw the sand fly, and it was probably five minutes before we 
went to dig it up. The soil was sandy and it buried itself a 
foot and a half. When we had thrown the loose sand from 
over it, it was too hot for us to handle with our hands, and we 
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had to take a shovel to get it out of the hole. The sand was 
hot for about two feet around where it struck. I should think 
about one third of it broke into small pieces when it struck the 
ground. All the outside pieces had the black crust on them.” 

The temperature of this aerolite on reaching the earth was a 
matter of much interest to me. It seemed not improbable that 
such a large mass, said to have been about 20 inches long and 
10 or 12 inches through in the thickest part, passing, for no 
one knows how long, through the intense cold of interstellar 
—_ should, as a mass, be cold upon reaching the earth ; and 
that only the surface for a slight depth should become heated. 
Such, however, appears not to have been the case with this 
meteorite; which agreed with popular accounts that frequently 
ascribe great heat to them. 


In a later communication Mr. Price writes: “In regard to 
the heat of the meteorite, as I understand your question, you 
would like to know whether it was hot all through or not. I 
am certain that it was hot clear through, for the pieces were all 
hot; and the four-pound piece I sent you was so hot that I had 
to keep changing it from one hand to the other in carrying it 
from where it fell to the wagon. As to the speed that it was 
traveling I cannot just express, but will say that while it was 
plainly visible it seemed to me that it was going at a swift 
speed.” 

The accompanying illustration is from a photograph made 
by a local photographer from the largest piece, said to have 
weighed 623 lbs. This has not come into our hands.* We 

* We, indeed, confidently expected to obtain it but the local merchant whose 
offer to act as our agent in its purchase we had accepted, on obtaining a clear 
title, proceeded to sell it to other parties who were, however, doubtless ignorant 


of our moral claim. Its whereabouts were unknown to us, when this article was 
written, but see the note beyond. 
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have, however, obtained for Ward’s Natural Science Establish- 
ment various fragments through the agency of Mr. Price and 
consequently are able to describe the stone. 

It is of a light ash-gray color, exceedingly friable ; and cov- 
ered with a black crust averaging about 1™™ in thickness, 
though in some parts reaching fully 2", which varies from 
comparatively smooth in parts to wave-like crests on others. 

The stone is very chendritic in structure; with the largest 
chondrules, composed of acicular crystals of enstatite, 8°" in 
diameter, sparingly distributed through it. The greater num- 
ber of the chondrules are much smaller; and many are very 
minute. An optical examination, without the use of polarized 
light, shows the presence of enstatite, chrysolite, some feld- 
spar, troilite and iron. The troilite and iron are dispersed 
a evenly and thickly as small irregularly-shaped grains. 

he specific gravity, taken from a large fragment of the stone 
without crust, is 3°558. No veins appear in the portions exam- 
ined. Apparently this stone belongs to Meunier’s group (33) 
called Montréjite. 

The name proposed for this aerolite, Allegan, is fortunate in 
that it is at once the name of the town and of the county in 
which it fell. 

Note.—Since the above was written I have learned that the 
larger mass of this aerolite is now in the U. 8. National 
Museum at Washington. 
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Art. XLVII.— Note on a New Meteoric Iron found near Iredell, 
Bosque County, Texas, U.8.A.; by WARREN M. Foore. 


In July, 1899, the firm of Dr. A. E. Foote of Philadelphia, 
Pa., received from Mr. J. W. Jones of Rowlett, Texas, several 
ore samples for examination. Among them was a fragment of 
metallic iron bearing characteristic signs of meteoric origin. 
Later, all of the fragments of the original mass which could 
be traced, were purchased by the same firm. The finder sup- 
plied the following data in a certified statement: The original 
mass, roughly estimated at about three pounds weight and 
shaped like a large mussel-shell, was found by J. W. Jones 
while prospecting in June, 1898, on the eastern end of the 
Dudley sheep ranch, situated in the western corner of 
Bosque Co., Texas, about tive or six miles southwest of the 
village of Iredell and one-half mile from the county line. It 
lay exposed in a rut seven inches deep, worn in an old road, on 
the west side of a small hill. The finder broke the mass, dis- 
tributing pieces among strangers and passing acquaintances, 
who employed the metal in various ways, such as the making 
of knife-blades, ete. Over a year later some of these fragments 
were recovered, although it was impossible to get the slightest 
trace of a majority of them, constituting over half of the 
original specimen. A thorough search was made for other 
masses which might have fallen in the vicinity of the find, but 
without success. 

The total weight of the known fragments is 500 grams. In 
exterior appearance this fall resembles most siderites, present- 
ing an uneven, somewhat rusty surface with slight exudation 
of lawrencite; also streaks of schreibersite. The fragments are 
quite rough and angular, where broken. The three best 
instances of cleavage are exhibited in one specimen. These 
are three pairs of perfect, adjacent planes forming angles 
of 120°. Other less definite cleavages also indicate the erystal- 
lization to be dodecahedral. However these angles, although 
near one another, form no apparent relationship, which can be 
explained by the changes to which the mass has been subjected. 
It parts easily along the cleavage planes and following irregular 
fissures where the disintegration is most advanced. Fractured 
across these natural lines, it presents a glistening tin-white 
finely crystalline surface. Grains and plates, as much as 2™™ 
thick, of a brittle magnetic mineral, of pyritifercus aspect, are 
common. Thesmaller particles of this were so intimately mixed 
with the iron as to defy mechanical separation. A qualitative 
examination showed the presence of iron, phosphorus and nickel, 
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indicating it to be schreibersite. The iron is soft and takes 
a high polish. Treating polished surfaces with dilute nitric 
acid develops an etching barely visible to the unaided eye. 
This consists of innumerable and very minute pits in the 
plessite, with long very tine bright lines crossing at right angles 
and occasionally short diagonal lines. 

The composition, determined by Mr. J. Edward Whitfield 
from a sample of the iron, only partially freed from schreiber- 
site, is as follows: 


93°75 per cent 
5°51 
"20 
"06 

100°04 


Several siderites found in Texas bear such a close geograph- 
ical relationship to this one, as to demand comparison. These 
are: Carlton, found in 1888 about 12 miles to the southwest in 
Hamilton Co., with 12°77 per cent nickel; the Red River, 
found in 1836 in the adjacent county (Johnson), with 8°46 per 
cent nickel ; and Denton Co., found in 1859 about 100 miles 
north, with 7:53 per cent nickel. However the most marked 
variations from the present find are the large and distinct 
Widmannstiitten figures which appear on etching the neighbor- 
ing 7 Iredell may, therefore, be safely accepted as a dis- 
tinct fall. 


Nov. 7th, 1899, 
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Art. XLVIII.—On a New Occurrence of Nepheline Syenite in 
New Jersey ;* by F. Lestte RANSOME. 


Introduction. 


THROUGH the kindness of Mr. N. H. Darton, there recently 
came into my hands a few rock-specimens which he had col- 
lected near Brookville, N.J.,in the course of general areal work 
on the Trenton folio of the Geological Atlas of the U.S. The 
specimens were stated by him to have come from a mass of trap 
intrusive into the Newark formation, and were supposed, when 
collected, to be variations from the usual and normal facies of 
the common trap-rock of the region. | Upon examination, one 
of the specimens proved to be a nepheline syenite, and two of 
the others hornblende and biotite syenites respectively. The 
original specimens furnished by Mr. Darton were studied petro- 
graphically, and a chemical analysis of the nepheline syenite 
was made by Mr. George Steiger of the Geological Survey. 
Subsequently a brief visit was paid to the locality, additional 
material secured, and some attempt made to ascertain the rela- 
tion of the syenitice rocks to the ordinary trap with which they 
are closely associated. This last was but partly successful, as 
will appear from the following preliminary notes. 


Occurrence of the Nepheline Syenite and Associated Rocks. 

Brookville is a small village on the Delaware, in the south- 
western part of Hunterdon County, and is readily reached from 
Trenton by the Belvidere Division of the Pennsylvania Rail- 
road. The nearest towns of importance are Lambertville, about 
24 miles down the river, and Stockton, about a mile upstream. 
As shown by the State geological map of New Jersey, the 
village lies almost in the middle of the broad belt of the so- 
called Triassic, or Newark formation, which occupies so promi- 
nent a place in the geology of the State. On the same map 
there is indicated the relatively small trap-mass of Mt. Gilboa, 
just east of Brookville, in connection with which occur the 
rocks which are presently to be described. It is thus seen that 
the nepheline syenite of Brookville occurs nearly 60 miles a 
little west of south from the well-known Beemerville locality, 
and in rocks of entirely different age and character. The 
Beemerville intrusions are in the Palzeozoic rocks of what Salis- 
buryt has called the Appalachian Zone, while the Brookville 
masses are in the Mesozoic rocks of the Piedmont Zone. Be- 
tween these two physiographical and geological provinces lies 
the ancient crystalline zone of the Highlands. 


* Published with the permission of the Director of the U.S. Geological Survey. 
+ Physical Geography of New Jersey, Geol. Surv. of N. J., vol. v, 1895, pp. 5-6. 
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For a general account of the geological relations of the Mt. 
Gilboa trap and the surrounding sediments, the reader is re- 
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Fig. 1. Sketch Map of the Vicinity of Brookville, N. J., showing the occur- 


rence of the nepheline syenite and other rocks rich in alkali (*S), and the relation 
of the outcrops to the larger geological features of the region. 
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ferred to a recent paper by Kiimmel.* A word or two, how- 
ever, may not be out of place in explanation of the accompany- 
ing sketch-map (fig. 1.), which is taken from the Lambertville 
topographic sheet of the U. S. Geological Survey. For the 
general geological data I am indebted to Mr. Darton, and to 
the paper by Kiimmel already mentioned. 

The Mt. Gilboa trap-mass lies between two faults—the Flem- 
ington fault on the northwest, and the Dilts Corner fault on 
the southeast, both of which are only partly shown on the sketeh- 
map. In each case the rocks lying southeast of the line of dis- 
location are on the downthrow side of the fracture. North- 
west of the Flemington fault, in New Jersey, lie the arkose 
sandstones and conglomerates of the Stockton series of the 
Newark, the beds dipping westerly. On the Pennsylvania side 
of the river however, Paleozoic limestone is exposed between 
the base of the Stockton beds and the fault-line. Southeast of 
the Dilts Corner fault, the soft red shales of the Brunswick 
series extend down the river to the trap masses below Lambert- 
ville. Between the two fault-lines the rocks consist of the dark 
shales of the Lockatong series, the Mt. Gilboa trap-mass, and 
several smaller bodies of trap, not shown on the sketch-map. 
The trap is regarded by Kiimmel as intrusive, and his view is 
undoubtedly correct, for the shales just west of the main trap- 
mass are metamorphosed near the contact into quartz-biotite 
hornfels—a fine-grained crystalline aggregate of quartz, biotite 
and probably feldspar. 

The nepheline syenite was found on the northwest edge of 
the main body of trap, just below the forks of a little brook 
which flows into the Delaware about a quarter of a mile south 
of Brookville. The exposure is not more than a few square 
yards in extent, and the contact with the ordinary fine-grained 
trap, which surrounds the nepheline syenite on at least three 
sides, was nowhere seen. Closely associated with the nephe- 
line syenite and with the trap is a micaceous syenite, exposed 
in the bed of the brook just at the forks. Like the nepheline 
syenite, this rock is apparently limited in its occurrence to a 
small mass, the exact relations of which to the adjacent rocks 
were not discoverable in the field. 

Near the southern end of the Mt. Gilboa trap-mass, just 
north of Barbour & Ireland’s quarry, a small mass of syenitic 
rock occurs enclosed in the trap, but here also the exposures 
are inadequate to determine the exact extent of the mass and 
the relation which it bears to the trap. 

The two localities referred to in the preceding paragraphs 


* The Newark System or Red Sandstone Belt of New Jersey, Annual Rept. of 
the State Geologist, 1897, pp. 32, 75, 109-110, etc.; also pl. 1. and fig. 9. 


| 
{ 
4 
| 
| 


420 LRansome—New Occurrence of Nepheline Syenite. 


are indicated on the accompanying sketch-map by the two 
black dots near the edge of the trap area. 


Microscopical Petrography. 


Nepheline Syenite-—Megascopieally this is a light gray gran- 
ular rock of mediam grain, which bears a very superficial 
resemblance to the nepheline syenite of Moultonboro, N. H. 
Dark amphibole is abundant, usually in slender prisms up to a 
centimeter in length. Biotite, while less abundant, is a con- 
spicuous constituent in most hand-specimens, as it forms irregu- 
lar poikilitic plates, usually about 5™™ in diameter. The dark 
minerals appear to constitute between a fourth and a third of 
the rock, but are not always uniformly distributed. They lie 
in a nearly white granular ground in which the lens reveals 
cleavage faces of feldspars, sometimes finely striated, and light 
brownish grains with greasy luster which presumably are more 
or less altered nepheline. 

The microscope shows the rock to have a hypidiomorphic- 
granular structure and to consist of alkali feldspar >nepheline 
(including its alteration products) >< amphibole > biotite 
> cancrinite >< soda-lime feldspar > muscovite >< egirine- 
augite > apatite, titanite, and fluorite. Iron ore is almost 
lacking, although a few grains of magnetite occur included in, 
or close to, the amphibole. Analcite, usually filling triangular 
spaces between the feldspars, is rather abundant in some sec- 
tions. It is probably wholly secondary. Sericite is present as 
a decomposition product of the feldspars. Calcite occurs some- 
what irregularly, usually associated with the analcite. The 
latter is also accompanied at times by small amounts of a 
tibrous mineral which is probably natrolite. 

All the feldspars show a gray turbidity similar to that which 
is so common a feature of the syenitic rocks of Norway and 
elsewhere. Partly on this account, but more by reason of their 
lack of crystal outline and their confused intererystallization, 
specitic determination of the feldspars by optical means is not 
always possible. Individual grains of orthoclase pass indis- 
tinetly and irregularly into microperthitie patches or are intri- 
cately intergrown with a feldspar showing fine albite lamellz 
probably anorthoclase. This latter is often partly automorphic 
with reference to the orthoclase and microperthite. One area, 
with fine, shadowy microperthitic structure, showed distinct 
cleavage traces, probably basal, and the emergence of a bisectrix. 
The extinction referred to this cleavage was about 12°, which 
would seem to indicate the presence of soda orthoclase. A 
small part of the twinned feldspar may be albite or acid oligo- 
clase. In general the feldspars show the lack of optical homo- 
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geneity and the indefinite patchy intergrowths frequently 
observed in syenitic rocks containing considerable amounts of 
both potash and soda. 

The nepheline originally occupied areas between the feldspars, 
often of triangular form, but it is almost wholly decomposed 
and replaced by fine aggregates of secondary products, or by 
transparent areas of analcite. The aggregates are usually too 
fine to allow of the microscopic determination of their compo- 
nent minerals. In many cases however they consist chiefly of 
a sericitic mica (possibly paragonite) and analcite, the latter 
forming a matrix in which the minute mica scales lie. 

The amphibole, which is black in the hand-specimens, agrees 
in its optical character with the hornblende common in many 
nepheline syenites.* It oceurs in prisms more or less auto- 
morphic in the prism zone. The optical orientation is the 
usual one @=a, b=b6, and cac=about 9°. The pleochro- 
ism is a greenish yellow, 6 brown or dark green, and ¢ dark 
brownish green. The absorption is 6>c>a. The amphibole 
is not optically homogeneous, a single crystal frequently show- 
ing considerable variation in color and pleochroism. It is 
often intergrown with biotite, the latter commonly forming an 
outer fringe or border to the amphibole. More rarely it is 
intergrown with a pyroxene which is apparently an segirine- 
augite; but the latter mineral is never abundant, and is wholly 
wanting in some thin sections. 

The biotite possesses no features of special interest beyond a 
tendency toward poikilitic structure and frequent intergrowths 
with amphibole. : 

Cancrinite, with its relatively strong double refraction, is a 
rather conspicuous constituent in some thin-sections when 
viewed with crossed nicols. It is clear and colorless, and 
occurs in irregular areas or in forms partly idiomorphic in the 
prism zone. It is found sometimes in little nests associated 
with calcite and analcite, or completely filling interstices 
between the feldspars, or even embedded in the latter. The 
prismatic cleavage is marked by fine straight lines, and the 
extinction is parallel. Sections approximately normal to 
the prism: axis give a negative uniaxial interference figure. 
The index of refraction is distinctly lower than the balsam. 
The interference colors are more brilliant than those of the 
other minerals in the thin sections, with the exception of the 
muscovite. However they rarely exceed blue of the first order, 
and are usually orange. Confusion with muscovite is some- 
times possible in a hasty examination, but the differences in 


* Rosenbusch, Massige Gesteine, 1896, p. 158. 
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the refractive indices, in the double refraction, and in the 
optical orientation with reference to the cleavage, readily serve 
to distinguish the two minerals. The cancrinite may be in 
part secondary, but there is no direct evidence that it is not all 
primary. 

Muscovite (including sericite), on the other hand, is for the 
most part plainly secondary in this rock, and forms a consider- 
able part of the fine-grained aggregates which now represent 
the nepheline. It occurs also as a decomposition product of 
the feldspars. One or two larger plates of muscovite were 
noted, however, which may be of primary origin. As it is not 
practicable to distinguish optically between muscovite and 
paragonite in such an occurrence, the possible presence of the 
soda mica should not be lost sight of. 

Analcite is revealed in the thin-sections as clear colorless 
isotropic areas, usually occupying more or less triangular spaces 
between the feldspars. The index of refraction is considerably 
below that of the balsam. The mineral is traversed by irregu- 
lar cracks but shows no cleavage. It is sometimes associated 
with small amounts of a colorless, radially fibrous mineral 
which appears to be natrolite. Both minerals gelatinize readily 
and completely in hydrochloric acid. The analcite, as previ- 
ously noted, also occurs as fine aggregates with white mica. 

Apatite is a moderately abundant accessory in slender prisms 
up to a millimeter in length. Titanite occurs in small crystals 
and grains but is not abundant. Fluorite occurs sporadically 
in nests with calcite and analcite and is easily recognized by its 
pale lilac color. It is without much doubt secondary. Iron 
ore is almost wanting, and is practically restricted to a few 
grains of magnetite near, or included in, the amphibole. 

A chemical analysis of the nepheline syenite, made by Mr. 
George Steiger of the U. 8. Geological Survey, is given below. 
He was unable to detect any carbonic acid, and for this reason 
the optical properties of the mineral determined as cancrinite 
are given with some detail in the preceding petrographic 
description. It will be seen that the analysis is otherwise per- 
fectly normal for a nepheline syenite relatively rich in soda. 
For comparison there is placed under II an analysis of the Red 
Hill nepheline syenite, which is higher in silica and lower in 
alumina, but otherwise agrees fairly well with the Brookville 
rock. The analysis of the Beemerville nepheline syenite is 
given under ITI, not so much on account of its resemblance to 
the Brookville rock, as to exhibit the contrast, particularly in 
the alkalies, in the compositions of these two New Jersey 
occurrences, which might have been expected to show more 
agreement. 
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Chemical Analyses. 


IL. III. 
rs 54°68 59°01 53°56 
81 
18°18 24°43 
2°22 1°63 2°19 
2°86 2°40 1°24 
trace 
05 08 
1°05 31 
4°58 5°34 9°50 
Water at 100°C... 15 93 

above 100°C, 1°88 “50 
none 
07 
"12 
99°81 99°98 99°96 
09 
99°72 
I. Nepheline syenite from Brookville, N. J. Geo. Steiger, 


analyst. 

II. Nepheline syenite from Red Hill, Moultonboro, N. H. 
Described by Bayley, Bull. Geol. Soc. Am., vol. iii, p. 231. 
W. F. Hillebrand, analyst. 

III. Nepheline syenite from Beemerville, N. J., Bull. 148, U.S. 
Geol. Surv., p. 80. L. G. Kakins, analyst. 


Mica Syenite.—This isa gray, medium granular rock which 
has been described as occurring at the fork of the brook, close 
to the nepheline syenite. The hand-specimens show abundant 
biotite, apparently some amphibole or pyroxene, and both 
white and pinkish feldspars. The pinkish feldspar is some- 
what unevenly distributed and shows a tendency to gather in 
smnall, ill-detined, vein-like segregations or streaks. Under the 
microscope the rock shows a hypidiomorphic-granular structure 
and is seen to consist of alkali-feldspar>biotite>pale green 
diopside-like pyroxene. The accessory minerals are apatite 
and iron ore. There is also considerable secondary chlorite, 
calcite, and sericite. The feldspars are generally turbid and 
partly decomposed to sericitic aggregates. They show the 
irregular mottling and fine indefinite twinning common in the 
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alkali feldspars containing both soda and potash molecules. 
There is probably a little acid oligoclase present with the other 
feldspars. The biotite is in the main fairly fresh, but is some- 
times partly chloritized. It occurs in short stout prisms or 
thick scales, giving abundant oblong sections with somewhat 
ragged ends. 

The pyroxene is largely altered to calcite and chlorite. It 
shows a tendency toward idiomorphic form and the larger erys- 
tals frequently have a pale pinkish interior with a greenish 
rim, both being optically continuous. In some specimens no 
pyroxene is recognizable, and in others there is present a green 
amphibole which may exceed the pyroxene in amount. The 
rock generally shows considerable alteration, which renders its 
petrographic study unsatisfactory. 

Hornblende Syenite-—This rock, which occurs, as already 
described, near the southern end of the trap-mass, just north 
of Barbour & Ireland’s quarry, is a coarse-grained and slightly 
microlitic aggregate vf flesh-colored feldspars and _ rather 
bleached-looking fibrous green amphibole. The feldspar and 
amphibole both show a tendency toward prismatic develop- 
ment, and some cleavage faces of the former are seen under 
the lens to be finely striated. The microscope reveals a hyp- 
idiomorphic-granular aggregate of alkali feldspar, amphibole, 
and a little quartz. The alkali-feldspar is turbid with the 
usual brown dust-like particles, and is besides usually full of 
wisps of secondary sericite. Nearly all the feldspar shows 
fine polysynthetic twinning, corresponding to both the albite 
and pericline laws. But the twinning is often very irregular, 
occupying only a portion of an individual grain, and is some- 
times associated with fine microperthitic intergrowths. Some 
acid soda-lime feldspar (oligoclase) may possibly be present, 
but the bulk of the feldspar is probably an alkali-feldspar iden- 
tical with, or closely related to, anorthoclase. The index of 
refraction is in all cases lower than the balsam. The abundant 
secondary sericite, and absence of calcite, suggest that the lime 
molecule must occupy a very subordinate position in the com- 
position of the feldspars. 

The amphibole is pale yellowish green, and occurs in allo- 
triomorphic areas between the feldspars. In a few instances 
the amphibole is compact, bnt it usually shows a distinct 
fibrous structure, each area being made up of bundles of 
numerous slender prisms, not all of which are in parallel 
orientation. The pleochroism is a,pale yellowish green, 6 dark 
yellowish green, and c pale green. The absorption is b>c>a. 
The optical scheme is the usual one @ = a, b = 6, and cac = at 
least 16°. Quartz occurs in subordinate amount as irregular 
clear grains between the feldspars. It contains fluid cavities 
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with an occasional movable bubble, and capillary crystals of 
rutile (?) Apatite in stout colorless prisms is a fairly abundant 
accessory constituent. Titanite occurs as idiomorphic crystals, 
but more commonly as rounded or irregular grains. There isa 
little iron ore present, usually associated with the amphibole 
areas. 

Hornblende Granite——The specimen described under this 
head was supposed, when collected, to be merely a fresher 
facies of the hornblende syenite, as its richness in quartz was 
not apparent in the hand-specimen. It appeared in the field to 
form a part of the same small mass in the trap which afforded 
the specimens of syenite just described. It is a medium 
spenlen, dark gray rock, in which the feldspars are brownish 
in color, and show a tendency toward prismatic development 
in the direction of the edge pam. The dark constituent, 
apparently dark green hornblende, is fairly abundant in rather 
irregular prisms. A little dark mica is also, visible in the 
hand-specimen. Under the microscope partly idiomorphic 
sections of decomposed feldspar and irregular plates of amphi- 
bole lie in a sort of groundmass composed of quartz and 
feldspar micropegmatitically intergrown. The idiomorphic 
feldspars appear to be, in part at least, an acid oligoclase, but 
many of them are completely changed into very fine sericitic 
aggregates. The hornblende is the common green variety and 
presents no unusual features. The most striking thing about 
the thin-section is the beautiful manner in which the quartz 
and feldspar, together constituting more than half the rock, 
are intergrown. The feldspar of these intergrowths is rendered 
turbid by numerous brownish dust-like particles, and its char- 
acter is not easily determined by optical means alone. It is, 
however, without much doubt an alkali feldspar closely related 
to soda orthoclase or to anorthoclase, although it may be in 
part ordinary orthoclase. It shows occasionally the fine irregu- 
lar twinning and lack of optical homogeneity which charac- 
terize anorthoclase. The quartz is always more or less 
intergrown with feldspar, but sometimes shows homogeneous 
patches of considerable size. 

The Trap-rock.—The intrusive mass forming Mt. Gilboa is 
fairly uniform throughout. It is commonly a dark gray rock 
of fine to medium grain, and the structure, as visible to the 
eye, is granular. A typical specimen collected by Mr. Darton 
from near the center of the area shows under the microscope a 
hypidiomorphic-granular structure, and is a fairly fresh aggre- 
gate of labradorite (ab,an,) > augite > hypersthene > quartz 
>biotite ><iron ore. It is a fine-grained gabbro in which a 
brown diallagic augite is intergrown with subordinate amounts 
of hypersthene and biotite. The quartz was the last mineral 
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to crystallize, and is very subordinate in amount. It is some- 
times micropegmatitically intergrown with a small amount of 
a dusty alkali feldspar, probably orthoclase. The hypersthene 
is not always present, and its place is sometimes taken by 
hornblende, as in a specimen from Barbour & [reland’s quarry. 
The structure on the whole is granular rather than ophitic, and 
the name gabbro is an appropriate designation for the trap- 
rock as a whole. 


The Relation of the Syenitic Rocks to the Gabbro. 


No evidence was detected, either in the field or through 
microscopical investigation, which in any way supports the 
hypothesis that the alkali-rich rocks are differentiated facies of, 
or immediately derived from the body of magma which cooled 
as gabbroitic trap. The former are distinctly different from 
the trap which surrounds them, and transitional facies appear 
to be wholly lacking. The trap as a whole shows rather strik- 
ing uniformity wherever studied. Specimens, wherever col- 
lected, are characteristically trap-like, and afford no suggestion 
of such extreme differentiation as would be necessary for the 
production of a nepheline syenite, a mica syenite, or a horn- 
blende granite. The syenitic masses, therefore, are either 
small dike-like intrusions in the trap, or else they are inclusions 
in the latter, floated up from some unknown terrane below, 
through which the trap broke. The exposures were not suffi- 
ciently good to determine which of these hypotheses is the true 
one. That the masses are dikes, would seem to be most 
inherently probable. Yet dikes might be expected to show 
more linear persistency than could here be detected, although 
the exposures were poor and the time given to their examina- 
tion somewhat brief. On the whole it seems most likely, in 
this case, that the masses are included fragments, caught up in 
the trap magma at the time of its intrusion. It must be 
admitted, however, that the question of their origin is still an 
open one, which further work, with other and better exposures, 
may answer. 

Washington, D. C., June, 1899. 
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Art. XLIX.—The Fauna of the Magellanian Beds of Punta 
Arenas, Chile; by Dr. A. E. ORTMANN. 


By the term “ Magellanian beds” the writer designates the 
new Tertiary horizons* discovered by Mr. J. B. Hatcher near 
Punta Arenas, and described in a previons article.+ The 
introduction of this term seems to be the more appropriate, 
since the stratigraphical position of these beds, and their rela- 
tion to the Patagonian beds, is known, and since they differ in 
their paleontological character from all other deposits found in 
Patagonia. For the present, the writer intends to use this 
term only for the marine beds, underlying the Punta Arenas 
coal, that is to say, for horizons II and III of the paper 
quoted. 

Since these beds reveal the true geological position of the 
Punta Arenas coal (between the Magellanian and Patagonian 
beds), and since there seems to prevail, as regards the age of 
this coal or lignite, quite an unicertaintyt, it is well to give a 
more detailed report on this “ Magellanian” fauna, in order 
that it may be recognized, if found elsewhere. Since it is, 
however, impossible at present, to give a complete account of 
this fauna, and since an elaborate description illustrated by 
figures of the new species is at present impossible, the writer 
has’ decided to publish as soon as possible a short preliminary 
report on the species of marine fossils recognized in these beds, 
taking pains to characterize the new forms as exactly as pos- 
sible chiefly by comparing them with well known species. 
The final report on these and other invertebrate fossils col- 
lected by Mr. Hatcher in Patagonia will be forthcoming in due 
time. 

Ostrea torrest Philippi (Die tertiaeren und quartaeren Ver- 
steinerungen Chiles, 1887, p. 215, pl. 48, f. 8). 

Magellanian beds, upper division (horizon [I]). Numerous 
specimens (21 lower, 14 upper valves). 

* Ameghino (Sinopsis Geologico-Palzontologica, Suplemento, 1899, p. 12) has 
tried to correlate the Punta Arenas section with the Patagonian deposits, and 
considers the horizons here under discussion (II and III) as belooging partly to 
the Upper Patagonian beds (piso leonense) and purtly to the transitional beds 
between the Patagonian and Suprapatagonian. It is, however, impossible for me 
to regard a deposit as Patagonian that does not contain a single Patagonian 
fossil. The so-called ‘piso leonense” (upper part of Patagonian). with an 
entirely different fauna, which has not been described, is not represented in Mr. 
Hatcher’s collections, although the latter come from all imaginable horizons 
within the Patagonian-Suprapatagonian series. 

+ This Journal, December, 1898. 


¢ Compare O. Nordenskjéld. Svenska Exped. till Magellanslinderna, Bd. 1, No. 
2, 1898, p. 19 and 23, 24; P. Dusen, ibid., No. 4 (Ueber die tertiaere Flora der 


Magellanslaender, 1899, p. 4). 
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Agreeing well with Philippi’s figure. Characterized by the 
radial folds, which in our specimens—although they are much 
water-worn—are well exhibited. In all the other Patagonian 
oysters these radial folds are only faintly or not at all developed. 

Recorded by Philippi from the Straits of Magellan. 


Cardita elegantoides spec. nov. 

Magellanian beds, upper part.—3 isolated right valves, 2 
valves imbedded in the matrix. 

Shell somewhat rounded, slightly inclined, with 19 radial ribs, 
which are rounded, about as broad as the intervening furrows, 
and nodulose. Lunula small, oblong. L. 16™, H. 14". 

This species comes very near in outline to C. elegans Linck. 
(see: Wood, Eoe. Biv. Engl. 1, 1861, p. 146, pl. 22, f. 16) from 
the upper Eocene of England and France. Also the number 
of ribs agrees closely (17-20 in elegans): but there is a broader 
interspace between the ribs in C. elegans, and the ribs them- 
selves are thinner and more nodulous.—C, volekmanni Philippi 
(I. ¢., p. 173, pl. 37, f. 4) from Tubul (Navidad beds) is also 
closely related, but has only 15 ribs. 

Venus difficilis spec. nov. 

Magellanian beds, upper part.—1 left and 2 right valves.— 
Lower part (horizon II).—2 double valves and 2 left valves. 

Shell thick, oblique, inflated, posteriorly a little narrowed, 
apex situated in advance of or at } of the length. Area long, 
occupying almost the whole of the posterior dorsal margin of 
the shell. Lunula oval, flat, exterior surface with close and 
regular concentric furrows, and with some concentric lines of 
growth (remains of ventral margins), the latter more crowded 
near the lower margin, and irregular. Concentric furrows 
sharp, not interrupted, 3—1™ distant from each other. Length 
of a large valve: 75"™, height 64™™, transverse diameter (of 
half shell) 18"". Apex situated at 16™" from anterior end. 

Comes very near to V. subsuleata Philippi (p. 115, pl. 17, f. 7), 
from the Cretaceous of Algarrobo, but in the latter species the 
concentric furrows do not extend all over the surface, but are 
interrupted in the middle. 

Venus arenosa spec. nov. 

Magellanian beds, upper part.—3 right valves. 

Shell transversely elliptical, moderately swollen. Posterior 
end hardly narrower than the anterior. Apex situated at ca. 4 
of the length. Area indistinct, shorter than the posterior part 
of the dorsal margin. Nymphae }-$ as long as the area. Lun- 
ula indistinct. Exterior surface with strong concentric lines of 
growth, which have between them finer concentric striae 
(obliterated in our specimens on account of the closely adhering 
matrix). L. 607, H. 44™", D. (half shell) 15™™. All three 
specimens show the hinge teeth of a true Venus. 
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Characterized by the elongate form, and allied by that charae- 
ter to V. landbecki Philippi (p. 116, pl. 20, f. 8), Cretaceous, 
Algarrobo. The present species differs from landbecki by the 
situation of the apex, which is in the latter at 2; the former 
is less swollen, and the area is indistinct. 


. Cytherea (?) pseudocrassa spec. nov. 

Magellanian beds, upper part.—1 right valve. 

Shell very thick and very convex, outline almost circular, 
posterior end rounded. Apex at 2 of the length. Exterior 
surface concentrically striated, but the adhering matrix obscures 
the sculpture. L. 62™, H. 60™", D. 25. 

The generic position is doubtful. Posterior tooth of the 
hinge divided. Ventral margin of shell not crenulated. 

Characterized by the very thick shell and the almost cireular 
outline, V. crassa Phil. (p. 128, pl. 21, f. 1), from the Pliocene 
Coquimbo beds of Chile, is related, but in our species the trans- 
verse diameter is greater, the hinge is different, and the apex 
is situated differently. Further, V. alta Phil. (p. 116, pl. 20, f. 3), 
from the Cretaceous of Algarrobo is an allied form, but the 
present species is higher, and rounded posteriorly (not ‘‘subro- 
strate”): V. alta is more triangular in outline. 

Dosinia complanata (Phil.) (Artemis ¢. Philippi, 1. ¢., p. 114, 
pl. 15, f. 1). 

Magellanian beds, lower part. 4 left, 3 right valves, imbed- 
ded in matrix. 

I cannot distinguish our specimens from Philippi’s species. 

This form has been found previously in the Navidad beds 
near Matanzas, Chile. 

Glycimeris ibari (Phil.) (Panopzea i, Philippi, ]. ¢., p. 167, 
pl. 35, f. 4). 

Magellanian beds, lower part. 1 double valve, 4 left and 2 
right valves. 

Characterized by the elongate outline, arcuate ventral mar- 
gin, narrower posterior end, and situation of apex. 

Recorded from Magellanes and Skyring Water. 

Glycimeris subsymmetrica spec. nov. 

Magellanian beds, upper part.—1 right valve. 

Almost identical with G. ibari, but not so much elongated, 
and posterior end not narrowed. Relation of H: to L. = 1: 1, 
6 (in ibari = 1: 1, 8 to 2, 0). 

Lutraria undatoides spec. nov. 

Magellanian beds, lower part.—1 double valve. 

Shell almost elliptic, 14 as long as high. Surface with strong 
and somewhat irregular, undulated concentric folds. Dorsal 
margin almost straight, ventral margin slightly areuate. Apex 
at tof the length, prominent, rather sharp, incurved. Anterior 
and posterior ends evenly rounded off and of the same height. 
L. 32™", H. 21™", apex at 11™™ from anterior end. 
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A remote resemblance exists to L. undata Phil. (p. 164, pl. 
33, f. 8-11), from Tubul and Lebu (Navidad beds), but our 
species is very much shorter. 

Patella pyymaea spec. nov. 

Magellanian beds, upper part.—1 specimen. 

Shell subconical, low, outline regularly oval. Apex situated 
in the anterior half. Surface with fine, crowded, a little un- 
equal, radial ribs, crossed by concentric lines of growth, and 
finely granulated. L. 7™™, B. 5™, H. 4™", 

The position of this species may be with the genus Acmaea, 
as the thinness of the shell and the delicateness of the ribs sug- 
gest. At any rate, it is the first Patelloid shell found in Ter- 
tiary deposits of Patagonia. 

Trochus philippii spec. nov. 

Magellanian beds, upper part.—2 specimens. 

Shell low, conical, not umbilicated. Whorls almost flat, only 
very slightly convex. Last whorl on the periphery of the base 
sharply angular, above this angular ridge there are 4 revolving 
ribs. Lower surface slightly convex, with 5 strong, revolving 
ribs, the most exterior separated from peripheral ridge by a 
broad space. Ribs of the lower surface with regular, strong 
granules ; similar granules seem to have been present on the 
upper part of the whorls. H. 7"™, diameter at the base: 11™". 

Umbilical region closely agreeing with T. monilifer Lmck. 
from the Eocene of England and France, also the sculpture is 
of the same type. But T. monilifer is much higher, and the 
number of the revolving ribs is different.—T. maesporrani and 
T. fricki of Philippi, from the Navidad beds, are related, but 
different. 

Turritella exigua spec. nov. 

Magellanian beds, lower part.—Very abundant, numerous 
specimens. 

Shell smail, with 10 whorls, ca. 4 times as high as broad at 
the base. Suture deep, whorls convex, with 5-7 spiral ribs, 
which are rather crowded and often alternately stronger and 
weaker. The stronger ribs sometimes appear to be slightly 
granulated. H. 15™", D. ca. 

Characterized by the small size, and convex whorls. The 
two small species of Turritella described by Philippi from the 
Navidad beds (trilirata and parvula) are easily distinguished by 
the flat whorls and small number of ribs. 

Trochita merriami nom. nov. (= T. costellata Philippi, |. 
¢., p. 93, pl. 11, f. 4, 1887, and Ortmann, this Journal, December, 
1898, p. 480).* 

* Non T. costellata Conrad (1855 Pacific R. R. Rep., v. 7, p. 195, pl. 7, f. 3). Mr. 
J. C. Merriam of Berkely, Cal. has called my attention to the fact, that the specific 
no ne gu has been preoccupied by Conrad for a species from the Miocene 
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Magellanian beds, upper part, 1 specimen.—Lower part, 2 
specimens. 

Characterized by the fine radial striae of the shell. 

Recorded from Lebu, Navidad beds. 

Natica chiloénsis Phil. (1. ¢., p. 89, pl. 10, f. 12). 

_Magellanian beds, upper i 
part, abundant, many specimens. 

This species is to be recognized by the thick and solid shell 
of a more or less ovate shape, with thick callus of the inner lip, 
which leaves a sinall, narrow slit open at the umbilicus. 

Recorded from the island of Chiloé, Navidad beds. 


Struthiolaria hatcheri spec. nov. 

Magellanian beds, lower part.—8 specimens. 

Closely allied te S. ornata var. densestriata v, Ihering (Rev. 
Mus. Paulista, v. 2, 1897, p. 292, f. 15) from the Patagonian 
beds. S. densestriata and the present form possess on the lower 
part of the last’ whorl a number of revolving ribs of equal 
strength, in which character both differ from S. ornata Sow. 
In S. hatcheri, however, the number = the ribs of the last 
whorl is much higher, 20) —22, than in S. densestriata (13); 14- 
15 of these ribs are placed below the series of nodules found in 
the upper part of the whorl, Further, 8. hatcheri is distin- 
guished from the other form by the suture, which is not channel- 
like, as in densestriata, but simply rectangular. By this charac- 
ter it approaches S. chilensis Phil. (= ameghinoi v. [h.), but 
in the latter species the suture is still less deep. H.22™", 

Actaeon chilensis Phil. (I. ¢., p. 111, pl. 13, f. 16). 

Magellanian beds, lower part. —1 specimen. 

Agrees well with Philippi’s species. 

Recorded from Navidad and Matanzas. 


Bulla remondi Phil. (1. ¢., p. 109, pl. 13, f. 7). 

Magellanian beds, lower part.—6 specimens. 

The figure of Philippi does not agree with the measurements 
given in the text, the latter being almost identical with those 
of Sowerby’s B. cosmophila. 

Our specimens agree with the figure of Philippi. The meas- 
urements are: H. 13", D. 5", relation, 1: 2,6 (Philippi’s 
figure: H. 21, D. 8, rel. 1: 2,6; Philippi’s text: H.19, D. 9, 
rel. 1: 2, 1; Sowerby’s cosmophila: H. 24, D. 11, rel. 1 
2, 2). 

Recorded from the Navidad beds of Chile, and doubtfully 
(see Moericke, N. Jahrb. Min. ete., Beil. 10, 1896, p. 594), from 
the Cretaceous beds of Chile. 

In conclusion I should like to make a few further remarks 
on the Punta Arenas section. This section has been mentioned 
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previously*), and Mr. Hatcher’s account agrees fairly well 
with it, with the only exception that the uppermost fossilifer- 
ous bed (horizon V) has not been noticed by Nordenskjéld. In 
my previous report I have shown that this uppermost horizon 
agrees palaeontologically with the Suprapatagonian beds, true 
Patagonian beds being wanting here. This question has been 
settled in the meantime by Mr. Hatcher. He informs me, that 
in his opinion, there is no difference at all between Patagonian 
and Suprapatagonian deposits, both being only different facies 
of one and the same series of deposits. The Suprapatagonian 
facies is brought about by a prevailing sandy nature of the de- 
posit, while in the Patagonian there is a more or less consider- 
able admixture of calcareous matter. It is true, the Supra- 
patagonian facies is chiefly (but not always) developed near the 
top, the Patagonian near the base of the series, but between 
base and top these facies frequently interlock, giving some- 
times the appearance of a discontinuity, which really does not 
exist. According to Mr. Hatcher there is no discontinuity 
between Patagonian and Suprapatagonian beds, as Ameghino 
maintains; in fact, he found it absolutely impossible to draw a 
line between these two deposits. Mr. Hatcher reached this 
conclusion by an examination of the contact of both deposits 
near Mt. Observation, and at numerous other places. 

This fact confirms the opinion of the writer of the identity 
of both deposits formed some time ago, after the examination 
of the palaeontological material at hand, and the comparison of 
it with v. Lhering’s records (after Ameghino} of the strati- 
graphical position of the respective fossils. 

Further, this fact explains the lack of Patagonian beds in the 
Punta Arenas section: if Suprapatagonian and Patagonian beds 
are only different facies of one and the same series of deposits, 
they are practically identical ; and it is quite clear that one may 
replace the other completely in certain localities; and this is 
exactly what we observe in the Punta Arenas section: the 
Patagonian beds are represented there not by the Patagonian, 
but by the Suprapatagonian “ facies.” 

Princeton University, October 11. 


* See Nordenskjéld, 1. ¢., 1898, p. 24, ‘footnote. A section of this locality has 
been described as early as in 1873 by Mallard & Fuchs (Ann. des Mines, ser. 7, 
v. 3, p. 97), but this represents only deposits above the coal. Mallard & Fuchs men- 
tion the occurrence of a large oyster and a Pectunculus in the lower part of their 
section, while two such fossils in association are found only in the uppermost 
horizon (V) of Mr. Hatcher’s profile. Thus this section seems to begin where Mr. 
Hatcher’s ends. E 
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ArT. L.—Some of the results of the International Cloud 
Work for the United States ;* by Professor Frank 
BIGELOW. 


THE general scheme of the survey of the clouds proposed by 
the International Cloud Commission is so widely understood, 
that it will not be necessary to describe it again, beyond saying 
that the observations undertaken by the U.S. Weather Bureau 
began on May 1, 1896, and ended on June 30, 1897, employ- 
ing one primary base station at Washington, D. C., and 14 
nephoscope stations distributed quite uniformly throughout the 
territory east of the Rocky Mountains. The computation of 
the resulting data and the arrangement for the publication 
follow closely the prescribed forms submitted in the cireulars 
of the commission, and while the labor of preparation up to 
this point was considerable, there would be nothing of special 
interest to say regarding that portion of the report, the whole 
of which will form Part VI of the Report of the Chief of 
Weather Bureau for 1898. 

The possession of much new data, contained in the 6,600 
single theodolite observations and in the 25,000 nephoscope 
observations, afforded, however, a favorable opportunity for 
considering several of the fundamental problems of Meteorol- 
ogy, especially in view of the fact that they develop in the 
most perfect manner on the North American continent, and 
therefore, the discussion of the observations has been pushed 
far beyond the limits implied in the scheme of the commission. 
It will be admitted, no doubt, by all those who are conversant 
with the true state of meteorology, that in spite of much good 
work on the part of able investigators, there are still serious 
gaps in the series of facts needed to construet a sound theory 
of the history of cyclones and anti-cyclones ; and, furthermore, 
that the existing theories are neither in agreement among 
themselves nor with all the known facts. It was important, 
therefore, to develop the facts regarding the circulation of the 
atmosphere without bias ab initio ; and it was essential to so 
far correlate the existing mathematical analyses that their true 
meaning as to one another and as to the results of the observa- 
tions should appear. Meteorology must always remain, not a 
crude branch of science as some writers erroneously maintain, 
but a difficult one, on account of the complications attending 
the physical processes and the fluid motions in the complex 
form presented by the atmosphere. We have attempted to 
show how some of the apparent obstacles can be overcome by 
employing the methods used in these observations and redue- 
tions, and the results are such as to stimulate students to con- 
tinued efforts to finally resolve these interesting problems. 

* Published by permission of the Chief of the United States Weather Bureau. 

Am. Jour. Sc1.—FourtraH Series, VoL. VIII, No. 48.—DEcEMBER, 1899. 
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A Standard System of Constants and Formule. 


Part of the difficulty in making students generally realize 
that meteorological mathematics already stands upon a definite 
fundamental basis is due to the fact that while many papers of 
great merit exist, they are detached from one another, and 
there is no well defined system of formule which is common 
to all such related investigations. Professor Ferrel’s treatises, 
it is true, in spite of his inattention to a consistent and clear 
notation, cover the ground, as he conceived the solution of the 
problem in a consecutive order from beginning to end. Yet 
many of his primary developments are exceedingly complicated; 
other valuable mathematical analyses have been discovered 
since his day; his main theory of the local cyclone has been 
found to be loaded with objections, so that students have 
expected that before long improvements would be introduced. 
The German school of authors, including Guldberg and Mohn, 
Oberbeck, Sprung, Hann and others, have followed substan- 
tially one line of thought which is characteristic of them, and 
though they reach many results in agreement with Ferrel’s, 
especially in regard to the general cyclone covering a hemi- 
sphere of the earth, they have in reality radically different 
conceptions regarding the structure of the local cyclone. Thus, 
in Ferrel’s case, it was assumed that the general and the local 
cyclone are examples of the same type of circulation, wherein 
the inner and the outer region of the cyclone are separated by 
a region where the gyratory velocity about the central axis is 
reduced to zero, having a positive direction inside and a nega- 
tive direction outside in the lower strata, with a complete 
reversal as to gradient and direction in the upper strata, the 
entire system embracing the same fluid material in a eontinu- 
ous motion. The German school, on the other hand, began 
with the principle of the logarithmic potential, of which a com- 
mon example is found in the motion of the ether as an elec- 
tric current through a wire which is surrounded by a magnetic 
whirl. In this case there is no reversal of the direction of the 
gyratory motion, but instead of being a minimum at the 
boundary of the -inner and the outer regions, it is there a 
maximum. The inner region is distinguished from the outer, 
however, by the fact that it alone has a vertical motion. This 
is evidently an entirely different type of local cyclone from 
Ferrel’s. In the case of the general cyclone the American 
and the German schools are in much closer accord. Further- 
more, some important difficulties arose from the attempt to 
account for the energy expended in the local cyclone, on the 
theory of a vertical convection due to the buoyancy of air 
expanded by the liberation of latent heat’ in large quantities 
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upon the condensation of aqueous vapor into water. Also, 
some observations discussed by Dr. Hann seemed to show that 
the distribution of the temperature in the upper strata of 
cyclones and anticyclones is not consistent with the principles 
of the vertical convectional theory. Since there exists this 
lack of harmony as to the main theory of the motions of the 
atmosphere, it is no wonder that progress has been very slow 
in reducing meteorology to a strictly scientific basis on its 
theoretical side. Accompanying this confusion in the theory, 
the authors have seldom been fortunate enough to adopt the 
same notation for their mathematical discussions, so that the 
study of this subject has been unusually wearisome to all those 
who have had no strong motive for undertaking such work. 

It seemed to me, therefore, desirable to construct a standard 
system of equations covering the entire subject, and to trans- 
pose the most important papers into that system, at least to 
such an extent that a student would have but little trouble in 
following the writings of one author and comparing the others, 
by means of this exposition. Several original solutions cover- 
ing important ground have been introduced, with the object of 
bringing the formule into practical working forms. These 
include the development of the equations of motion in rect- 
angular, cylindrical, and polar codrdinates, the treatment of 
the humidity term in the barometric formule, the transforma- 
tion of the thermodynamic equations in the stages represented 
by the a, 8, y, 6, processes in the formation of clouds, and in 
the treatment of the equation of continuity by which the ver- 
tical component of motion is connected with the horizontal in 
the case of the local cyclone. A complete new series of tables, 
adapted to practical work, was computed from these sets of 
formule, and applied throughout the discussion of the cloud 
observations. 

The Weather Bureau Tables. 


As a basis for the construction of the new tables, a system of 
the constants employed in meteorology was selected, and 
many of the immediate minor relations defined by suitable 
brief formule, the entire set showing numerous useful cross 
connections between the several parts. The primary constants 
are substantially those adopted by the International Committee, 
and they are so arranged in parallel columns for the Metric 
and the English systems as to be convenient for reference ; the 
logarithms of the numbers are also given. Many minor prob- 
lems in meteorology, which are often obscure in a wordy expo- 
sition, are readily explained by means of these defining formule, 
since these are more definite than any general explanation. 

In preparing to discuss the physical processes which occur in 
the several cloud strata at heights ranging from the surface to 
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an elevation of at least 15,000 meters, wherein the pressure B, 
the temperature ¢, and the vapor pressure ¢, pass a great 
changes, it was found that the existing tables were wholly inad- 
equate for the purpose. The International and the Smith- 
sonian Barometric Tables extend only to 2,000 meters, but the 
new tables are computed in metric measures from 0 to 15,000 
meters, and for temperatures ranging from —40° C. to +40° C. 
for A = 6 to 5,000 meters, from —50° to +30° for 4 = 5,000 to 
10,000 meters, and from — 60° to +20° for 4 = 10,000 to 15,000 
meters ; similar tables have been made in English measures up 
to 10,000 feet, which is sufficient for our weather map redue- 
tions. There are certain practical difficulties with the existing 
tables in other particulars. The formula employed by them is 
of the form, B,—B = B(10"—1), where B,> B, and m is a 
function of the temperature, humidity, gravity, altitude, and 
surface topography. It gives the correction which, added to 
the pressure 5 at a given altitude, will reduce it to B,, the 
pressure at sea level. It is perceived that this is a very special 
ease of reduction, namely, downward to sea level, whereas in 
cloud work we must be prepared to reduce upward as well as 
downward, and also where neither pressure is that at sea level. 
If by the above formule we wish to reduce upward, it must 
be done through approximations, because the value of B at the 
upper station is involved in the formula, and not the value 
of B, with which we begin. There is trouble with the 
humidity term, especially in the Smithsonian tables, where a 
certain average value of the vapor pressure is included perma- 
nently within the m, so that the humidity does not stand out 
by itself, and is, therefore, not available for an independent 
discussion. But in cloud work this is the very element most 
required, and it is not proper to assume either an invariable 
law of variation of the vapor contents, nor, as in the Interna- 
tional tables, is it possible to measure the humidity term at the 
top and bottom of a column which is not in contact with the 
ground. For example, in reducing from the bottom to the top 
of a cumulus cloud, I have taken the following form of equa- 
tion, 
log. B,= log. B+m—Bm—ym, 

where m includes the temperature, the altitude, and the topo- 
graphic terms, 8 the humidity and y the gravity. What is 
wanted is the value of B,, and not the correction B,— Bb, which 
involves one superfluous operation in computing. The 
humidity term with its assumed law of vertical variation, and 
the gravity term here stand eut distinctly by themselves, and 
the whole subject of humidity is easily open to treatment, and 
even to employing a different law without disturbing the main 
term, which is limited to the dry air pressures. By simple 
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transformation the formula is available for reduction upwards ; 
this may take place between any two fixed points whatsoever ; 
the set of special tables to determine the heights by the baro- 
metric pressure is dispensed with entirely, since the m table 
is arranged for double entry with the arguments, A = height, 
¢= temperature; with 4. ¢. m. any two being given, the other 
follows. These new tables give identical results with the 
others for special cases; they work rapidly in practice ; one 
can compute with acenracy to the one-thousandth of a milli- 
meter, so far as the data are concerned. 

The second important group of tables contains the four 
thermodynamic processes, which take place in the formation of 
clouds, the unsaturated, the saturated, the freezing and the 
frozen stages, designated as the a, B. 4, 5, stages, respectively. 
This subject has been discussed by Ferrel, Hann, Lord Kelvin 
and others along one line, and by Hertz and von Bezold along 
another line, though both came to the same conelusion so far 
as the results are concerned. Hertz has constructed a diagram 
which graphically deals with the four stages, but it was neces- 
sary for him to neglect in part the vapor contents, so that 
although the divergence is no more than 7"™ of pressure 
between the rigorous and the approximate solutions, yet all the 
fine accuracy which should pertain to good cloud computa- 
tions is sacrificed. The direct application of the rigorous 
formule, which are very complex, would require an excessive 
amount of labor to use them, and they are never utilized by 
meteorologists. But it seemed to me essential to overcome this 
obstacle, and accordingly the formule were transformed so as 


e 
to depend upon three arguments, namely, B. ¢. BZ Pressure, 


temperature, and the ratio of the vapor pressure to the baro- 
metric pressure. The tables are simple in structure, and 
involve only moderate interpolations. They work rapidly and 
have proven to be perfectly satisfactory by use in the actual 
reductions. The results of this discussion have led to much 
definite information regarding the physies of clouds in many 
connections, but only a few of them can be mentioned here. 
(1) In the case of air rising from the lower strata to form 
cumulus clouds there exists a definite level at which satura- 
tion takes place, namely the base of the cloud. It is necessary 
to clearly distinguish between true adiabatic saturation, and the 
saturation as it takes place in the actual atmosphere. The 
formule of the tables as they stand deal only with adiabatic 
processes, but in order to apply them to the atmosphere the 


value of the ratio B must be observed at the base of the 
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cumulus cloud. In the adiabatic process the ratio BR 38 con- 


stant in the unsaturated stage, that is from the ground to the 
cloud base, and by two or three easy approximations, after 
starting with B.¢.e. at the ground, we compute B,.¢,.e, and 
the height A, of saturation. Now the question is, does this 
computed height 4, agree with the measured height of the 
cumulus base 4% The result of our work is to show that the 
observed height A, is greater than /,. We must, therefore, 
determine the values B..¢.c,. at the base of the cloud aceu- 


rately, and thus find the relation between the adiabatic E and 
the actual 3 A considerable number of kite ascensions were 


made in the summer of 1898 by the Weather Bureau, and 
more than 100 cases occurred in which the B,.¢,.c,.A,. were 
measured by the kite instruments on entering the base of the 
cloud. These have enabled us to study this important ques- 
tion carefully. It may be stated that four distinct ways have 
been developed of finding the temperature quite approximately 
at the cloud base, and hence the vapor tension and the pressure, 
so that for usual conditions, that is to say excepting the 
strongly stratified condition which occurs when currents of 
very different temperatures flow over one another, we can 
compute the pressure at the height of a mile with an error 
usnally of +002 and always of less than +0°04 inch, which 
insures good map drawing at that height. The determination 
of the divergence of the actual from the adiabatic atmosphere 
is valuable in its application to several meteorological problems. 

(2) It has been assumed that the value of the ratio 
obtained for the base of the cumulus cloud holds true through- 
out the cloud itself, and that in this space the adiabatic laws 
prevail. The theodolite measurements give the height of the 
top of the cloud where the process of saturation ends. The 
saturated or § stage has two cases for consideration, the first 
being where the top of the cloud is lower than the beginning 
of the freezing stage, and the second where it passes into or 
through that stage. We computed the B’.2’.e’.2’. at the top of 
the cloud in the first case, but the corresponding B, ¢,.¢,./, at 
the bottom of the freezing or y stage in the second case. Then 
the thickness of the y stage with the value of B°.t°.e°.A°. at 
the top of it followed, these being the same as B,_,.t,.¢,,.4,,. 
the bottom of the frozen or 6 stage. Finally with the observed 
h’’, the top of the cloud, B.t.”e” were computed. This gives 
the heights at which the several stages begin and end, and 
hence the thickness of each stage; thence the gradients of 
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B.¢.e. per 100 meters in each stage were computed and tabu- 
lated. The work was so arranged as to deal with the mean 
normal meteorological elements prevailing in each of the 12 
months, so that the annual variations in all these quantities 
were found. Also selected cases, as of the towering cumulo- 
nobus clouds, some of which reach to 14,000 meters, were 
computed throughout. The details are so instructive that 
several of the computations are reproduced in full. The tops 
of the lofty cumulo-nimbus give a temperature of —30° or —40° 
C. in several cases, and of —59° C. in one high cloud. This 
method of computing the temperature at the top of lofty 
clouds is a welcome addition to the method of the balloon 
ascensions for determining the meteorological elements in the 
highest strata, since the clouds may be considered as accurate 
sounding gauges. The mean heights of the stages show that 


the y stage begins at about a = 9°0090 and develops as a 


wedge-shaped space up to a thickness of about 500 meters for 
z= 0°0300. In this the hail forms, and especially in summer 
when ¢,¢,4, have large values. I am inclined to think that the 
stratified appearance of hail stones is due to the fall through a 
series of these y spaces alternating with warmer £ stages, 
which may form at different heights in the congested state of 
the atmosphere accompanying thunder storms, rather than to 
any vertical orbital circulation such as Ferrel suggested. At 
every point of these computations the checks are so perfect 
that we can work accurately to 1 millimeter of pressure and to 
0°-1 ©. temperature, when the trial approximations are 
repeated two or three times. 

(3) It is a most interesting problem to determine just how 
much heat must be added to an ideal adiabatic atmosphere to 
produce the actual atmosphere in the several levels. T'wo pre- 
liminary discussions were required to develop this subject. 
The first was to determine the normal distribution of tempera- 
ture as observed each month at all altitudes up to 16,000 
meters. For this purpose all the available results of balloon 
ascensions were collected and discussed by tabular and graphic 
methods, involving a balanced network of mutually dependent 
lines, by which the average temperature topography was made 
up to that elevation. Upon the reliability of these observa- 
tions and this method of treatment the accuracy of the results 
required must depend. The second discussion was the deter- 
mination of the mean heights of the several types of clouds 
from the stratus to the cirrus in each month of the year. This 
was found by means of the theodolite observations at Washing- 
ton, D. C., and from them the region covered annually by each 
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kind of cloud was carefully mapped out. Beginning with the 
mean meteorological elements B.t.e. at the surface for each 
month, purely adiabatic values were computed at the required 
heights ; and then the actual state of the atmosphere was com- 
puted by using the temperatures derived from the balloon 
ascensions. Subtracting these values at the same heights, the 
difference is the quantity of heat required. In integrating 


VE a I was obliged in this preliminary work to regard T,, as 


constant, and to take as its value the mean of the adiabatic 
and the observed temperatures. The formula employed is, 


‘23744 °1512 +°0232 + 02692 )log B | 


2374 +1512 + log Tot 06858 +-02592 lee Bs | 


the upper terms being the observed and the latter adiabatic. 
In computing, the dry air and the vapor terms for temperature 
and for pressure, four in all, were carried through separately ; 
finally the values for each 1000-meter level were interpolated, 
so that we have in a table the calories required to effect the 
change from an adiabatic to the actual atmosphere. This is at 
least a fair effort to elucidate quantitatively the problem of the 
absorption of heat by the earth’s atmosphere. Its interest and 
importance would justify a special campaign of operations 
devoted to its more careful study. ° 


The Motions of the Atmosphere. 


Besides these mathematical discussions and physical re- 
searches, a considerable portion of our labor was expended upon 
the determination of the stream lines and vectors of motion, 
which occur throughout anti-cyclonie and cyclonic regions in 
the United States. The complexity of this subject is so great 
that it is necessary to refer the reader to the charts of the 
Report itself for a complete presentation of the result. We 
had two sources of information to depend upon, namely, the 
long series of cloud charts which are used in the daily fore- 
casts, but are not published, and the nephoscope observations 
of the International cloud year. These charts contain blue 
arrows, showing the direction of motion of the lower or eumu- 
lus clouds, and red arrows giving the direction of the upper or 
cirrus clouds. The United States was divided by me into six 
areas, the northern Rocky Mountain region, the Lake region, 
the New England districts, the southern Rocky’. Mountain 
region, the west Gulf States and the south Atlantic States, for 
the purpose of discussion. Then for high and low areas 
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respectively in each district, for winter and also for summer, a 
set of composite charts was constructed by placing a transparent 
sheet of paper over a series of the maps, selected to show the 
same weather type for each district, and tracing in the arrows, 
from which finally a set of resultant vectors for equal squares 
was computed by counting the number of compass point direc- 
tions thus recorded. From 40 to 70 maps were used in making 
each chart, and the resulting vectors were reduced to an aver- 
age of 40 vectors in each square. If the frequency of 
direction is proportional to the prevailing movement of the air, 
then we obtain a chart of relative motions in all parts of the 
high and low areas. The result is most instructive, in many 
respects, of which a few are mentioned. The wind and the 
lower cloud circulation up to the strato-cumulus type are quite 
the same in form, though the cloud level is rather more 
rounded; this movement is very independent of the upper 
cloud region, which is due eastward, or only a little sinnous over 
the highs and lows. This is true of ordinary cyclones, but in 
the case of hurricanes for the South Atlantic States the penetra- 
tion of the lower circulation into the higher is very pronounced, 
showing a much deeper disturbance of the air. Cyclones are 
very thin, only 2 or 3 miles deep, while hurricanes are certainly 
. 5 or 6 miles deep. The anticyclonic and cyclonic areas are 
hardly to be considered as centers of motion except in the very 
lowest strata, since currents of air blow directly across them 
from west to east, even in the cumulus region of the Rocky 
Mountain districts. It is shown that remarkably long streams 
of air, as from the North Pacific to the Lake region, and from 
the Gulf of Mexico to the Lake region, counterflow against 
each to form the cyclonic circulations. We cannot consider 
these to be due to vertical convections drawing in these distant 
masses of air by indraft, since the vertical component ceases at 
2 or 3 miles high. Rather the great horizontal convections of 
the lower strata, caused by the interchange of air between the 
polar and the tropic zones, produce counter currents at the 
cyclone centers, which develop vortices discharging upward 
into the permanent eastward drift. The study of these normal 
charts of circulation will tend to correct some prevailing erro- 
neous conceptions regarding the structure of cyclones. It will 
surprise many to see that astrong and warm current in the 
cumulus region blows directly from the Pacific Ocean eastward 
across a cold-wave area, showing that cold waves are thin masses 
of air, hardly one mile thick, produced by surface radiation on 
the eastern or lea side of the mountains. It is no less remark- 
able to find that the center of the high areas formed by the 
isobars drawn from reductions made by the Hazen method, now 
employed by the Weather Bureau, is often 500 miles distant 
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from that indicated by the vectors of motion. The discrepancy 
between gradients and wind directions in the mountain districts 
is already well known, but the problem acquires a special 
interest from the study of these new charts. 

The discussion of the nephoscope observations was very 
laborious in consequence of the necessity of handling the large 
mass of figures several times. For this purpose, the area 
surrounding a center of motion was subdivided into 20 parts, 
symmetrically disposed on three circles about the center, so 
that the transference from rectangular to cylindrical coordinates 
should be simple. The right hand (anti-clockwise) rotation, 
with positive direction “as the arrow flies,” was also adopted. 
Each observation was located in the proper sub-area according 
to its own district; each cloud type, at a given mean height, 
was computed separately; the northern districts were compiled 
by themselves and the southern by themselves ; mean resultants 
for the vectors were found for each sub-area in 8 levels, and 
charts of the circulation were constructed by accurately plotting 
in these vectors. The result shows that a slightly sinuous east- 
ward movement prevails over the high and low areas in the 
cirrus stratum, gradually deepening as the surface is approached, 
till in the strato-cumulus the gyratory movement is very marked, 
and ‘in the cumulus, stratus and wind levels predominant. 
The actual velocities dimiaish from 40 meters per second in 
the cirrus to 5 or 6 m. p.s. at the surface. Next on the theory 
that the sinnous motion is due to components in composition, 
the mean rectangular N-S and W-E components were found 
algebraically, subtracted from the total vectors and the resid- 
uals were. combined in a secondary system of vectors, which 
were also transferred to charts. These are the true local gyra- 
tory vectors as distinguished from the general motions on the 
hemisphere. In the cyclone they show an inward radial com- 
ponent from the bottom to the top, and nothing outward in the 
upper strata, as Ferrel’s circulation requires. They do not show 
a maximum velocity at a certain distance from the center with 
falling off nearer it, as Oberbeck’s solution demands, but they 
increase from the outside up to the center. The components 
are strongest in the strato-cumulus region and diminish above 
and below; they show a continuous inflow everywhere together 
with a strong rotation about the center, such as to cause a true 
vortex with discharge upwards throughout, the forced upflow 
being injected into the eastward drift which carries it off, while 
at the same time the flow is somewhat deflected anti-clockwise. 
In the anticyclone on the two outer circles 750 and 1250 k. m. 
radius, there is outflow from top to bottom on all sides; near 
the center there is inflow at the top, reversal at the middle, and 
outflow at the bottom, thus causing reversal of gradients in the 
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interior of the anticyclone. The entire system of high and low 
areas seems to be constructed by the counterflow, chiefly in the 
cumulus and stratocumulus levels, of long currents due to 
horizontal convection, the double action on the pressure, that 
is the formation of high and low pressures simultaneously in 
adjacent districts, being referred to the general circulation of 
the atmosphere, especially the deflecting and centrifugal forces, 
rather than to local temperature accumulations. The North 
American Continent is the region where cyclones form in large 
numbers, and Europe-Asia the region where they dissipate, so 
that the violent general circulation over the United States in 
the lower strata, as compared to that of Europe, is chiefly 
responsible for this excess in the production, near or in the 
United States, of the local storms of the northern hemisphere. 

A careful study of these vectors in all strata up to 11,000 
meters, 7 miles high, reveals the very important fact that there 
is little disposition to conform to the canal theory of the cireu- 
lation over the hemisphere, as ordinarily taught, namely con- 
sisting of a southward movement in the lower strata from the 
polar zone towards the tropics, with reversal of the component 
from east to west at latitude 35°, together with an overflow 
northward in the higher strata from the tropics towards the 
poles. While the general circulation conforms to this type in 
many features, there has always been the greatest difficulty in 
accounting for the comparatively slow eastward drift in the 
upper strata of the higher latitudes. Ferrel attributed a large 
part of the required retardation to the effect of friction, but 
this is in reality a comparatively small term. Also he stated 
that the difference in the eastward velocity of the northward 
and southward moving strata at different elevations represented 
the expenditure oi retardational energy. As a matter of fact 
the lower strata do not move southward as a whole, and our 
observations do not indicate that the higher strata are vigor- 
ously moving northward, because that component is very small. 
What takes place is this: in each stratum from the surface to 
the cirrus level about as much air moves north as south, for 
there are enormous counter currents passing by each other at 
the same level, and not over one another at different elevations. 
This puts a new aspect on the entire problem of the general 
circulation. It looks as if the solar radiant energy was 
absorbed chiefly in the lower strata, and that instead of going 
the rounds, overflowing above from the tropics, there is devel- 
oped a continuous leakage in the lower strata, which is observed 
as our persistent winds from the south. These meet the north 
winds which flow in obedience to the general circulation, as 
figured by the form of the land and ocean areas. This escape 
from the tropical belt diminishes the pressure in low latitudes, 
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which would require to be balanced by an excessively rapid 
eastward drift. Furthermore, the formation of cyclonic vor- 
tices discharging into the eastward drift and distorting it, also 
retards the eastward velocity. It is along these lines that a 
more probable explanation of the existing moderate eastward 
motion may be found than in the Ferrel theory, which has been 
widely accepted by students. 

There is a chapter treating of the barometric diurnal wave 
and its relation to the magnetic diurnal vectors, as developed 
in Bulletin No. 21, 1898, together with a comparison of the 
diurnal components of the motion of the atmosphere locally, 
which shows some interesting relations. I have been unable, 
in the time at my disposal, to utilize the new general tables of 
motion in connection with the vectors just described. Some- 
thing has been done in the way of a theory of the local cyclone 
and the tornado, which is promising, though its completion 
must be postponed to a future day. T have been most efli- 
ciently assisted in this work by the faithful labor of Messrs. H. 
H. Kimball, H. L. Heiskell and R. H. Dean, who have taken 
great interest in the observations and the computations. The 
Chief of the Weather Bureau has always placed at our disposal 
all the resources of the office, and the other officials have uni- 
formly rendered all the aid in their power. 
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Art. LI.—TZhe Bacillaria of the Occidental Sea; by 
ArTHuR M. Epwarps, M.D., F.L.S. 


In studying the bacillaria of the Western Coast of North 
America I have gathered knowledge of them from Alaska to 
Washington hrough Oregon to California and into Mexico. 
In Alaska I have not specimens as yet, but I have them from 
British America and so down. I have also specimens of 
bacillaria from the region of the Great Plain of Fremont, which 
I have called the Occidental Sea in my paper published in this 
Journal for 1891. This extends on the east side of the 
Rocky Mountains several hundreds of miles, even to the 
coast of California, where it includes the islands which are 
Anacapa, Catalina and other islands. For I have bacillaria 
identical with those on the Great Plain itself, and extends into 
British America and south into Mexico. 

Why it is a sea and not a lake can be judged when I state 
that it extends at least one thousand miles from north to south, 
and the same distance from east to west, a larger piece of 
water than is seen at the present day anywhere, except the 
Atlantic, Pacific and Indian Oceans. But this sea contained 
fresh water, as I will show. The boundaries of it are uncertain 
of course, but they extend, as I have just said, beyond the coast 
in California away to several hundred miles east of the Rocky 
Mountains and to the north into British America and south 
into Mexico. It was formed in what is known as the Eocene 
period, for this reason: C. King in Vol. I of the Report of 
the Geological Explorations of the Fortieth Parallel, Washington, 
1878, in the Recapitulation of Tertiary Lakes, page 444, gives 
nine lakes as appearing in the Eocene, Miocene and Pliocene 
periods. In the Eocene there are, in order, Ute Lake, which 
takes in the Vermilion Creek group of King and the Wahsatch 
group of Hayden, which filled the entire Green River Basin 
for a distance of one hundred and fifty miles, with an east and 
west expansion of about the same on the 40th parallel. In 
New Mexico it has been discovered by Marsh and farther south 
it extended, but how far is uncertain. The deposits belong to 
the basal Eocene on the borders of the Cretaceous. We can 
understand why Hector places the marine deposits of New 
Zealand in the Cretaceous now, although I have several fresh 
water deposits from that section of country which are found 
below the marine strata. The deposits of the lake are the 
beds of the Vermilion Creek group, a series having in the field of 
the 40th parallel a maximum thickness of 5,000 feet “ and carry- 
ing besides abundant fresh water mollusca and a few fishes, the 
characteristic vertebrata fauna of the lowest Eocene.” (King, 
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page 486.) The rocks are red sandstones almost vermilion in 
color, whence the name of the ereek, which is a branch of the 
Green River and of that of the Colorado. So it can be under- 
stood why the sea emptied into the south and also why the red 
sandstone is there without the white bacillarian clay upon it. 
For the same phenomenon is present in Lake Passaic in New 
Jersey, where the clayey sand without bacillaria in it is present 
at Logansville and Pleasant Plains in parallel thin layers, the 
bacillarian clay having lower specific gravity, being carried down 
to a lower point and deposited at Hatfield Swamp when the ice 
barrier melted at and about Paterson. 

Next came what King calls the Gosiate Lake, which includes 
the Green River group of Hayden and the Elka group of 
King. Along the east base of the Wahsatch Mountains the 
rocks were tilted up to 14°, leaving the Uinta River, as it was 
in the Lake period, an island. The rocks in this were mere 
shales and calcareous clay, with some white fine limestone. 
Numerous fishes and insects and abundance of fresh water 
molluses of the genera Viviparus, Goniobasis and Unio, besides 
a few beds of lignite, are seen. 

Then came the Wahsachie Lake, which includes the Bridges 
group of King and the Uinta Lake, which includes the Uinta 
group of Emmons and Marsh. This ends the Eocene. 
Afterwards the Miocene was laid down, which, in the province 
of Nevada and Oregon contains the Pah-Ute Lake, which was 
the Truckee group of King and the John Day group of Marsh, 
and was contemporaneous with the Sioux Lake, which in the 
province of the Great Plains includes the White River 
group of Hayden. The Miocene came also to an end and was 
followed by the Pliocene: In this came, contemporaneous with 
the province of the Greet Basin, North Park Lake of the North 
Park group of Hague and Hayden and Cheyenne Lake of the 
province of the Great Plains and the Niobrara group of Marsh. 

At Kausoh Mountains in Nevada the strata were as follows: 


Conse, ............ 30 to ft. 
3. Saccharoidal cream-colored limestone carrying fresh 

5. Finely-grained friable sandstone ..........----- 70 ft. 

6. Formation concealed by Quaternary accumulations 100 ft. 
8. Infusorial silica .............: 200 ft. 
250 ft. 


In the saccharoidal cream-colored limestone are shells of mol- 
lusea over the infusorial silica. 
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Although specimens from this immediate locality have not 
been examined by me, yet I have some from near by. They are 
the following, and I have to thank the U. 8. Geological Survey 


for them. 


Beaver Lake Beps, Beaver Vatiry, Nevapa. 


Amphora ovalis F. K. Melosira undulata F. T. 
Cocconeis placentula C, G. E. Navicula brebisonii F. T. K. 
Cymbellu. lanceolata C, G. E. “  elliptica ¥. T. K. 
Denticula thermalis T. K. oblongea F, T. K. 
Encyonema ceespitosum K. spheerophora T. 
Fragilaria capitulum D. Nitzschia sigmoidea ©, G. E. 


Gomphonema olivaceumF.T.K. Stephanodiscus carconiensis 


“ vitrium C. G. E. C. G. E. 


Trucker River NEAR Wapsworts, NEvaApDa. 


Cocconeis placentula C.G. E. -Melosira orichalcea F. T. K. 
Cyclotella operculata C. A. A. 


TuHReEE miILEs S. or Hetens Sprines, Nevapa. 


Epithema jurgensii C. A, A. Navicula spherophora F, T. 
Turee S, or Hetens Sprines, Nevapa. 
Eunotia gracilis C. G. E. Crystals of calcium carbonate. 


Truckee River 8. nr. W. or Wapswortn, Nevaba. 


Crystals of calcium carbonate. 


K. 


K. 


InptanN Reservation, Banks or Truckee River, Nevapa. 


Amphora ovalis F, T. K. Fragilaria (Staurosira) pinnata 
Cocconeis lineata C. G. E. C. G, E. 

pediculus C, G. E. Gomphonema intricatum 

“ placentula G. E. F. T. K. 

Cyclotella (Stephanodiscus) ber- Gomphonema mamilla C, G. E. 

olinensis U. G. E. Hantzschia amphiorys C. G. E. 
Cymatopleura elliptica A. B. Melosira undulata F, T. K. 

solea A. B. Navicula amphicephala C, G. E. 
Cymbella gastroides F, 'T. K. bacillum C, G. E. 

lanceolata C. G. E. maculata C, G. E. 

maculata 'T. K. spheerophora 'T. K. 
Encyonema ventricosum F. T. K. undula ©, G. E. 
Fragilaria (Staurosira) pectin- Me varians ©, G. E. 

alis F. C. L. N. Roicosphenia curvata F. T. K. 


Surirella striatula T. 
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Piaya Beps 1n CaNon, Souty oF Carson Lake. 


Amphora ovalis F. T. K. Navicula cuspidata F. T. K. 
Cocconeis placentula C. G. E. forma Craticule. 
Cymbella cymbiformis C. G. E. Navicula elliptica F. T. K. 

lanceolata C. G. E. spherophora F. T. K. 
Cyclotella operculata ©. A. A. * viridis C. G. E. 
Epithemia jurgensii C. A. A. Roicosphenia curvata F. T. K. 
Gomphonema intricatum ~ Surirella ovata F. T. K. 

var Utahensis A. G. 

Wa ker River assocraTED witH Bones. 
Epithemia gibba C. G. E. Navicula viridis C. G. E. 
Eunotia areus C. G. E. veneta F, T. K. 


Gomphonema olivaceum C.G.E. Nitzschia linearis C. A. A. 


Mup Fiat two S. oF otpeR Creek Hor Sprines. 
Melosira crenulata F, T. K. Navicula viridis C. G. E. 
Navicula acrospheria C. G. E. 
This looks volcanic. It is light, fawn-colored and finely 
comminuted. 
Lower Lake Beps, Creek Section, Mono Lakg, 
CALIFORNIA. 


Cocconeis placentula C.G.E. Navicula borealis C. G. E. 
Navicula cuspidata F. T. K. = spherophora F. T. K. 
forma oraticulare. Surirella ovata F, T. K. 


Four N. or Wapswortu Lower Specimen For “ WINTER 
SECTION.” 


Cyclotella operculata C, A. A. Navicula (Amphipora) Navicu- 
Melosira crenulata ¥. T. K. laris C. G. E. 
Navicula viridis C. G. E. 


Wuire Terrace, Marsie Burrs, Nevapa. 


Amphora ovalis F. T. K. Navicula spherophora ¥.T. K. 
Cocconeis placentula C. G. E. * rheinhardtii A. G. 
Epithemia jurgensii C. A. A, Stephanodiscus berolinensis 
Cymatopleu solea A, B. C. G. E. 


Cymbella gastroides F, T. K. Surirella ovata F. T. K. 
Encyonema ventricosum F.T.K. “ striatula F, T. K. 


Wuirr Terrace, Pyramip Lake, Nevapa. 


Cocconeis placentula C. G. E. Gomphonema intricatum 

Cyclotella operculata C. A. A. F. T. K. 

Cymbella parva W. Melosira undulata K. 
Epithemia jurgensii A. A. erenulata F, T. K. 


Roicosphenia curvata F, T. K. 
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Wuite Beps First Point on toe N. Suore or Sopa 
LaKE. 

Melosira crenulata T. i. 

Crystals of calcium carbonate. Pieces of hornblende. 
Lake BED IN EXPOSURE NEAR LEwis Symonps Rancu, Mono 

Lake, CALtFoRNIA. 

Denticula thermalis F. T. K. Synedra ulna P. A, C.N, 

The rest is sand. 


Lower Lake Beps, Rusu Creek Sectioy, Mono Lake, 


CALIFORNIA, 
Cocconeis placentula C. G. E. Navicuia borealis C. G. E. 
Navicula cuspidata F. T. K. spherophora F. T. K. 
forma oraticulare. Surirella ovata ¥F. T. K. 


Also two which contained no fossils of any kind. 


Lake, Beps S. SuHore or Mono Lake, CaALirornia. 
Lake Bonnevitte, Uran. 

It will be observed that crystals of calcium carbonate are 
found in several specimens. These have been deposited when 
the water which formed the Occidental Sea evaporated, and 
sodium carbonate is also formed later thrown down as in the 
soil that is left and in the soda springs which are common all 
over the Great Plain. Sodium chloride and sodium biborate 
(borax) are common in waters of the Great Salt Lake, Utah, 
and Borax Lake, California. 

It will be noticed that the forms of the bacillaria are not the 
same in the specimen asin another. But this is the rule of 
their distribution. How different are the forms in one spring 
from another only a few feet apart and in fact in one specimen 
taken from a river from another taken nearby. The forms can 
never be the same everywhere ina deposit. That is local 
distribution. 

It will be interesting to note what C. King says of the Eocene 
lake in the United States Exploration of the Fortieth Parallel, 
vol. I, 1878. He says on page 360, “ As yet the great Eocene 
lake, whose main deposits are cireumscribed by the boundaries 
of the basin of the Colorado River, is the only one of any con- 
siderable geographical area known in the middle Cordillera 
region. In its earlier stages this lake was coextensive with the 
rocks of the Vermilion Creek Period, the lowest division of the 
American lacustrine Eocene.” It will be seen that King places 
the lake in the lowest Eocene where it merges into the Creta- 
ceous, and t..at he does not make the lake much larger than 
the Vermilion Creek Period, but this was only on the Fortieth 
Parallel. He does not take into consideration Mono Lake in 
California, or the Staked Plain of Texas. These I do, as also 
Cash Lake in California and other places. Thus I extend the 

Am. Jour. Sc1.—Fourtn Serres, Vou. VIII, No. 1899. 
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Eocene Lake into a sea; for its size entitles it to the name of 
the Occidental Sea. 

And now I wish in this connection to say why I place the 
Subplutonic before the Miocene. That is to say, the Eocene is 
the Subplutonie which I formerly published. In the opening I 
shall have to explain why I use the terms Subplutonic and 
Miocene strata instead of the newer Eocene and Neocene for 
these layers which I describe before going into the occurrence 
of one before the other, as I shall thereafter do, and the Sub- 
plutonic first. This term I used to designate layers of Diato- 
maceze, as they were then called, when I first described them, 
now about thirty years ago. When I come to study the de- 
posits of Diatomaceze which were placed in my hands by Mr. 
George Gibbs, the Geologist of the Northwest Boundary Sur- 
vey, there were found certain specimens which were associated 
with eruptions of lava and constituted vast fields on the 
Columbia River (which were well known) and elsewhere. The 
lava was always in layers, as was the diatomaceous earth, and 
they were seen to be distinct from the well known Monterey 
strata, which had been placed in the Miocene Tertiary by Blake, 
Bailey and Ehrenberg, and also distinct from the recent strata, 
which were common everywhere. They were designated Sub- 
plutonic, being found beneath lava. This name was given to 
them not from geological reasons, for their geological position 
was not found, and the geology of the country where they 
occurred had not been then discovered. How or when the lava 
appeared was not ascertained then and was undetermined. 
These were fresh water strata, or at least the Diatomaceze were 
known to inhabit lake and fresh water, and did not grow in 
brackish marshes or on the shore of the salt ocean. 

The Miocene Tertiary, on the contrary, were known from 
analogy to be marine. That is to say, they contained the same 
Diatomacee which grew in the ocean along the shore on rocks 
now. They were called Miocene Tertiary, and Blake supposed 
them to be analogous to the Richmond, Virginia, stratum, 
which was discovered by Rogers and placed by him in the 
Miocene Tertiary. And this was supposed to be the same as 
certain formations in Europe which Lyell had placed there. 
This was found, as we shall see, not to be so. The Miocene 
and Pliocene were studied by Dall and Harris and published 
in the U. S. Geological Survey correlation papers, in 1892. 
They found the strata in the United States were not exactly 
analogous or contemporaneous with the Miocene and Pliocene 
in Europe, or did not contain the same Mollusca, and therefore 
they erected a period to contain them. They called it the 
Neocene. So the Richmond, Virginia, and. Monterey, Califor- 
nia, were marked as the Neocene or Miocene Tertiary strata. 
They belong to a period which is recent, as I now think. 

Newark, N. J. 
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Art. LIL.—On the Volumetric Estimation of Cerium; by 
Puiuie E. BRownina. 


[Contributions from the Kent Chemical Laboratory of Yale University—XC.] 


Some forty years ago Bunsen* showed that the oxide 
obtained by the ignition of cerium oxalate might be estimated 
volumetrically by bringing it in contact with potassium iodide 
and strong hydrochloric acid and determining the iodine set 
free. This method may be briefly described by a translation 
of part of the original article: “The substance to be deter- 
mined is weighed out in a glass flask of from ten to fifteen 
cubic centimeters capacity, a few crystals of potassium iodide 
are added, and the neck of the flask is drawn out by the aid of 
a blowpipe to a narrow opening. The flask is filled almost to 
the narrowing of the neck with hydrochloric acid which is free 
from chlorine or iron chloride, and a little sodium carbonate is 
added in order to displace the last trace of air by carbon 
dioxide. The flask is then closed by sealing off the neck in 
the blowpipe and warmed in a water bath “until the cerium 
compound is completely dissolved, and the quantity of iodine 
set free is determined by iodometric analysis.” 

The anhydrous dioxide prepared by the ignition of the 
oxalate or hydroxide is very slowly acted on by acids, espe- 
cially when pure.t For this reason the method which Bunsen 
described has remained the only one adapted to the satisfactory 
volumetric estimation of the ignited dioxide. 

Two portions of the dioxide were prepared by treating the 
erude cerium chloride in concentrated solution with gaseous 
hydrochloric acidt to saturation to remove the iron. The 
cerium chloride was then dissolved in water, potassium 
hydroxide added in excess and chlorine gas passed until the 
precipitate became distinetly orange in color and the solution 
gave a strong odor of chlorine.§ This operation was repeated 
until a portion of the precipitate dissolved in acid showed no 
didymium absorption bands when examined before the spectro- 
scope. The whole precipitate of the dioxide was then dis- 
solved in hydrochloric acid and the oxalate precipitated by 
ammonium oxalate in large excess. The precipitated oxalate 
was then washed thoroughly with hot ‘vater until the washings 
gave no test for hydrochloric or oxalic acids and ignited to the 
dioxide. Another portion of the dioxide was later prepared 
by precipitating a solution of pure cerium chloride by means 


* Annalen d. Chem. u. Phar., ev, 49. 

+ Rose: Handbuch der Analytischen Chemie, Band i, 219. 

t Dennis and Magee: Zeitschr. f. Anorgan Chem, iii, 260. 

§ Mosander: Phil. Mag., xxviii, 241; Dennis: Zeit. f. Anorgan. Chem., vii, 
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of ammonium oxalate, washing and igniting as described. The 
dioxide in all three cases was of a light chamois color, and 
uniform results were obtained from the three portions. 


A modification of the method of Bunsen—(with G. A. Hanrorp 
and F. J. 


Weighed portions of the pure cerium dioxide were placed in 
small glass stoppered bottles of about 100° capacity, together 
with a gram of potassium iodide free from iodate and a few 
drops of water to dissolve the iodide. A current of carbon 
dioxide was passed into the bottle for about five minutes to 
expel the air, 10°* of pure strong hydrochloric acid were added, 
the stopper inserted and the bottle heated gently upon a steam 
radiator for about one hour until the dioxide dissolved com- 
pletely and the iodine was set free. After cooling the bottle, 
to prevent loss of iodine upon removing the stopper, the con- 
tents were carefully washed into about 400° of water and 
titrated with standard sodium thiosulphate to determine the 
amount of iodine liberated according to the well known reac- 
tion 

2CeO, +8HC1+2KI = 2CeCl, + 2KC1+4H,0 +1.,. 
A few blank determinations were carried through in the bottles 
without the presence of the cerium dioxide to determine the 
amount of iodine set free under these conditions. The amount 
obtained was uniformly equal to 0-04°™ of the ?, N iodine 
solution which was taken as the correction and applied to all 
the determinations. The results follow in Table I. 


TABLE I, 
CeO, taken. CeO. found. Error. 
erm. grm. grm. 
(1) 0:1000 0°0994 0°0006— 
(2) 0°1032 0°1034 0°0002 + 
(3) 0°1016 0°1017 0°0001 + 
(4) 0°1054 071041 0°0013— 
(5) 0°2010 0°2021 + 
(6) 0°1104 0°1109 0°0005 + 
(7) 0°1914 0°1907 0°0007— 
(8) 071604 0°1603 0°:0001— 
(9) 0°2146 0°2145 00001 — 
(10) 0°1108 071099 0:0009— 
(11) 0°13846 0°1347 0°0001 
(12 071540 0°0006 — 
(13) 0°1976 0:1968 0:0008— 
(14) 0°1230 071240 0:0010+ 
(15 0°1199 0°12C1 0°0003 + 
(16) 0°1524 0°1528 00004 + 
(17) 0°1212 0°1211 0:0001— 


(18) 0°1528 0°15438 0°0015 + 
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In order to obtain a further check upon the accuracy of the 
method, portions of the cerium dioxide were weighed out and 
placed in a distillation apparatus previously employed for 
similar purposes and described in former articles from this 
laboratory, viz: a Voit flask, serving as a retort, sealed to the 
inlet tube of a Drexel wash-bottle, used as a receiver, the out- 
let tube of which was trapped by sealing on Will and Varren- 
trapp absorption bulbs. In the retort the cerium dioxide 
together with 15™ of water, 1 gram of potassium iodide and 
10° of pure strong hydrochloric acid were placed. In the 
receiver were 100° of water and 2 to 3 grams of potassium 
iodide, and in the bulbs a dilute solution of potassium iodide. 
Before adding the hydrochloric acid a current of carbon 
dioxide was passed through the apparatus for some minutes. 
After adding the acid, the liquid was boiled in the current of 
carbon dioxide* to a volume of 15°™*, when the free iodine had 
almost completely left the retort and passed into the receiver, 
and the apparatus was allowed to cool. 

The iodine in the receiver was titrated directly with sodium 
thiosulphate, and that in the retort after dilution of the residue 
to about 400°, the later amount seldom exceeding the equiva- 
lent of a few drops of 4; N iodine solution. 

The results follow in Table IL. 

Here also blank determinations were made but no correction 
was found to be necessary. 

An attempt early in the work to titrate by an alkaline arse- 
nite the iodine liberated, after neutralizing the hydrochloric 
acid, brought out some curious results which seem worthy of 
mention. 


TABLE IT. 

CeO, taken. CeO, found, Error. 

grm. grm. grm. 
(1) 0°1028 0°1613 0°0015— 
02060 0°2055 0°0005 — 
(3 0°2014 0°2012 0:0002— 
(4) 0°1716 O1711 0°0005 — 
(5) 0°0974 0°0972 00002 — 
(6) 01600 0°1587 0°0013 — 
(7) 0°1268 071254 0-0014— 
(8) 0°1276 071268 00008 — 
(9) 0°1620 0°1612 00008 — 
(10) 0°1016 071011 00005 — 
(11) 0°1548 0°1543 0°0005 — 

(12) 0°1352 071342 


*The carbon dioxide gas was furnished by a Kipp generator from marble and 
hydrochloric acid of one-half strength, both of which had been boiled previously 
to remove all air. 
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In these experiments the contents of the bottles after the 
cerium had dissolved were carefully washed into a Drexel 
wash bottle upon the inlet tube of which was fused a thistle 
tube with a stop-cock and to the outlet tube a Will and Var- 
rentrapp absorption trap. In the trap a solution of potassium 
iodide was placed and through the thistle tube a saturated 
solution of potassium bicarbonate was added to complete neu- 
tralization of the acid. Any iodine carried mechanically by 
the carbon dioxide should be held by the potassium iodide 
solution in the trap. After neutralization the free iodine was 
titrated by standard arsenious oxide solution. The results 
appear in Table III. 


TABLE III. 
CeO, taken. CeO, found. Error. 
grm. grim. grm. 

(1) 0°10V0 0:0987 0°0013— 

(2) 0°1005 0°0981 0°0024— I 
(3) 0°1030 0°1009 0°0021— 

(4) 0°1500 0°1475 0°0025 ~— 

(5) 0°1030 0°1005 0°0025— ) 
(6) 0°1010 00988 0°0022— 

(7) 0°1510 0°1508 0°0002— 
(8) 0°1530 0°1485 0°0045 — 

(9) 0°2045 0°2011 0°:0034— 
(10) 0°2000 0°1958 0°0042— } 
(11) 0°1334 0°1302 0°0032 — 7} 
(12) 0°1354 0°1330 0:0024— 
(13) 0°1312 0°1294 0:0018— 
(14) 0°1308 0°1277 0°00381— 
(15) 0°1060 0°1042 0:0018— 
(16) 0°1602 0°1567 0°0035 — 
(17) 0°1504 0°1488 0°0016— J 


As will be seen by the table, an average error of about 2 per 
cent runs through the entire set. The natural conclusion 
would be that the cerium dioxide contained some impurity ; 
but, as the first, second and third samples, very carefully pre- 
pared, gave the same results, it seemed necessary to look else- 
where for an explanation. Two possible causes suggested 
themselves: first, mechanical loss during the process of neu- 
tralization, and second, the possible formation, under the condi- 
tions, of iodine chloride, which if formed would in the process 
of neutralization probably take the form of potassium chloride, 
iodide, and iodate, and thus some of the originally free iodine 
would be withdrawn from the amount titrated. To test these 
theories, portions of the ;'; N iodine solution roughly equiva- 
lent to the amounts of iodine set free by 0'1 and 0-2 grms. of 
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CeO,, were drawn off into bottles previously filled with carbon 
dioxide, treated with the usual amount of strong hydrochloric 
acid (10°™*), and after standing from thirty to forty-five min- 
utes, neutralized and titrated as already described. The results 
were most interesting and seemed to show a loss of iodine 
closely equivalent to that shown by the results of Table III, 
and proportional to the amount of iodine originally present. 
A few determinations were carried through in the same way 
except that the neutralization was omitted and dilution and 
titration with thiosulphate substituted. These showed a loss 
of iodine well within the limits of such a process. The results 
follow in Table IV. 


TABLE IV, 
With Arsenious Oxide. 
Todine 5 N Todine 75 Equivalent 
taken. found. Error. error on CeQOg. 
em’, em*, grm. 
(1) 5°22 5°07 0:0026— ) 
(2) 5°09 4°97 0°0021— 
(3) 5°10 4°97 0°0022— 
(4) 5°66 5°47 0-19— 0:0033— 
(5) 5°10 4°97 0°0022— 
(6) 10°22 9:97 0°25— 0°0043 — 
(7) 10°21 9°97 0°24— 0°0041— J 
With Sodium Thiosulphate. 
(1) 5° 5°01 0°01 + 0°0002+ ) 
(2) 5° 4°99 0:0002 — 
(3) “10° 10°02 0°02+ 0°0003 + 
(4) 10°08 10°12 004+ 0°0007 + J 


The action of arsenious oxide upon Cerium Dioxide—(with 
Ws. D. Currer). 


The fact that cerium dioxide is reduced by hydriodie acid 
suggested the possibility of the application of arsenious acid 
in acid solution to the same end according to the reaction 


4CeO, + As,O, = 2Ce,0, + As,O,, 
The extreme difficulty with which the ignited cerium dioxide 
when pure dissolves in acids has already been mentioned, and 


for this reason it was found practically impossible to obtain 
any results by this method. Weighed portions of the dioxide 


were placed in Erlenmeyer beakers with an excess of a solution 
of arsenious oxide #; N, 10™* of (1—1) sulphuric acid were 
added, and the boiling continued until the fuming point of the 
acid was reached ; but even at this point only a partial solution 
of the dioxide had taken place. 
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The dark brown powder obtained by igniting the carefully 
washed oxalates, precipitated in acid solution by treating a 
solution of crude cerium chloride with ammonium oxalate or 
oxalate acid, is very fairly soluble in acids. Mengel* has 
recently shown that this product contains a dioxide of praseo- 
didymium which acts as does cerium dioxide toward reducing 
agents. This fact makes the results recorded in the treatment 
of this ignited mixture of oxides of no value analytically, but 
of interest in the comparative study of the two reducing agents, 
arsenious oxide and hydriodie acid. Two portions of this mix- 
ture of oxides gave the following results, which agree fairly 
well with those of Mengel. 


Amt. of substance taken. CeO.+(Pd0.?) found. Calculated on ‘1000 grm. 
grm. grm. grm. 
(1) 071037 0°0530 0°0511 
(2) 0°1034 0°0538 0°0520 


The average of these results was taken as a_ standard 
—0°0515 grm. CeO,, ete., to every 0°1000 grm. of material. 
Three carefully weighed portions of this same material were 
placed in Erlenmeyer beakers with 10°* of ;4; N arsenious 
oxide solution and 10™ of dilute (1—4) sulphuric acid and 
boiled until complete solution had taken place. The liquid 
was then cooled, neutralized with potassium bicarbonate and 
titrated with standardizing iodine to determine the amount of 
arsenious oxide remaining, and from it the amount used in the 
reduction of the dioxide according to the reaction given above. 
The results obtained follow. 

CeO, calculated 

Amt. taken. for 071000 grm. 
grm. grm. 
1) 0°1005 "049: 00491 
2) 071015 “048 00487 
3) 071005 0°0484 


As will be seen, the results obtained by this method fall 
about 0°0030 grm. below the standard as obtained by the dis- 
tillation method, which seems to show that the arsenious oxide 
does not effect the complete reduction of the cerium dioxide 
from CeO, to Ce,O,. 

In order to study this point a little more fully and upon the 
pure dioxide, definite portions of a standard solution of pure 
cerium chloride were precipitated by ammonia in the presence 
of hydrogen dioxide and boiled te reduce the CeO, formed to 
the conditions of CeO,. The precipitated hydrated dioxide was 
filtered off and carefully washed until the washings gave no 


* Zeitschr. fur Anorgan. Chem., xix, 67. . 
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indication of hydrogen dioxide. The moist precipitate was 
then washed into a beaker, one gram of potassium iodide added 
and 10% of strong HCl. The precipitate dissolved quite 
readily in the cold and the iodine liberated was determined by 
standard sodium thiosulphate. The results appear in Table V. 


TABLE V. 


CeO, taken. CeO, found. Error. 
grm. grm. grm. 


(1) 0°1142 0°1140 0°0002 — 
(2) 071142 O°1147 0°0005 + 
(3) 071142 0°0010+ 
(4) 071142 01159 0°0017+ 
(5) 01142 01152 0°0010 + 
(6) 071142 071156 00014 + 


Another series of these precipitates prepared in the same 
way was boiled with a definite amount of arsenions acid in acid 
solution, as previously described in the case of the ignited 
dioxide. The results which are recorded in Table VI show, as 
in the case of the ignited dioxide, an insufficient reduction of 
the cerium by the arsenious acid. 


TABLE VI. 


CeO, taken. CeO, found, Error. 
grm. grm. grm. 


(1) 0°0381 0°0370 0°0011— 
. 0°0381 0°0361 0°0020 — 
(3) 0°1142 01077 0°0064— 


0°1060 0°1002 0°0058— 


The Estimation of Cerium Oxalate by Potassium Permanganate— 
(with Leo A. Lyncn). 


Stolba* has stated that cerium oxalate may be estimated 
volumetrically after the same manner as calcium oxalate by 
treating the washed precipitate, suspended in warm water, to 
which a moderate amount of sulphuric acid has been added, 
by potassium permanganate. As the titration proceeds the 
precipitate disappears and the end reaction is sharp. He also 
tinds that the permanganate does not oxidize the cerium from 
the lower to the higher condition. So far as we have been 
able to discover, no experimental evidence has been presented 
to prove the correctness of Stolba’s statement, and the work 
to be described was undertaken to furnish such evidence. 


* Sitzungsber. d. kgl. bohm. Gesellsch. d. Wissenschaften v. 4 Juli, 1879; 
Zeitschr fir Anal. Chem, xix, 194. 
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The solutions used were prepared and standardized as fol- 
lows: The cerium solutions were made by dissolving 10 grams 
of pure cerium chloride in one liter of water, and standardized 
by precipitating measured and weighed portions, in a faintly 
acid solution, with ammonium oxalate, filtering, washing, ignit- 
ing, and weighing as the dioxide (CeO,). A solution of potas- 
sium permanganate was prepared and standardized by titration 
against weighed amounts of ammonium oxalate. A solution 
of ammonium oxalate was made and its value determined by 
titrating measured amounts against potassium permanganate. 
Definite portions of the cerium solution were drawn from a 
burette and after diluting with water from 100 to 200% a 
definite amount of ammonium oxalate was added, care being 
taken to have an excess over the amount necessary, and the 
whole warmed to insure a more crystalline precipitation.* 
The precipitate was then filtered off on paper and carefally 
washed, the filtrate and washings being collected in a liter 
Erlenmeyer flask and set aside for future use. The precipitate 
was treated with about 10° of hot (1—4) sulphuric acid, which 
dissolved it completely, if not at first, by ranning it through 
the filter a few times, and the solution and washings were col- 
lected in another liter flask. The total volume of liquid was 
made up to about 500™, warmed to about 70° C. to 80° C. 
and titrated with potassium permanganate to the appearance of 
the faint blush of color showing the complete oxidation of the 
oxalic acid. The filtrate from the cerium oxalate containing 
the excess of oxalic acid was diluted to 500°™*, acidified with 
10° of dilute (1-4) sulphuric acid, one gram of manganous 
sulphate added to prevent the interfering action of the free 
hydrochloric acid upon the estimation of the oxalic acid,t and 
titrated with potassium permanganate after the same manner 
as the dissolved precipitate. A definite quantity of ammo- 
nium oxalate having been originally taken, it became possible, 
by subtracting from it the amount obtained, to derive the 
measure of the oxalate used in the precipitation of the cerium 
oxalate. By this procedure, it will be observed a check was 
made upon the results obtained by the titration of the precipi- 
tate. In experiments (1) to (6) the cerium oxalate was thrown 
down in neutral solution, in experiments (7) to (10) im acid 
solutions. The treatment of the tiltrate in experiment (1) was 
made without the presence of the manganous sulphate. © The 
results recorded in Table VII seem te uphold the statement of 
Stolba. 


* As shown by the table, the precipitation was sometimes in neutral, sometimes 


in faintly acid solution. 
+ Gooch and Peters, this Journal, vol. vii, 461. 
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TABLE VII. 


Amount Amount 
found. found. 
Amount Calculated Calculated 
taken. as CeCls. Error. as CeCls. Error. 
Calculated Treatment Calculated Treatment Calculated 
as CeCls. of precipitate. as CeCls. of filtrate. as CeCl;. 
[0°1091 0°1087 0°0004— 0°1023 0:0068— 
01091 0°1103 0°0012+ 
0°1091 0°1087 0°0004— 0°1087 0°0004— 
0°1864 0°1373 0°0009 + 071391 0°0027 + 
0°1364 0°1367 0°0003 + 0°1367 0°0003 + 
0°2182 0°2202 0°0020 + 0°2206 0°0024 + 


0°1091 0°1087 0°0004— 
0°1519 0°1535 0°0016 + 0°1535 0°0016 -- 
0°1364 0°1367 0°0003 + 0°1367 0°0003 + 
0°2182 0°2183 0°0001 + 0°2183 0°0000 + 


2 

(i) 
(3) 
(4) 
(5) | 
(6) 
(7) 
(8) 
(9) 
(10) 
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Art. LIII.—On the Estimation of Thallium as the Chro- 
mate; by Puttip E. BRowNING and GeorGE P. HutcHins. 


[Contributions from the Kent Chemical Laboratory of Yale University —XCI.] 


CrooKEs has shown* that the chromate precipitated by the 
addition of potassium dichromate to an alkaline solution of a 
thallous salt has the constitution of a neutral salt and is very 
insoluble in water—100 parts of water at 100° C. dissolving 
about 0°2 parts and at 60° C. about 0°03 parts. He has also 
made use of this reactiont to effect a rough separation of thal- 
lium from cadmium. 

The object of this paper is to describe some work directed 
toward a study of the application of this reaction to the gravi- 
metric estimation of thallium and the best conditions under 
which to effect the precipitation. For the work a solution of 
thallous nitrate was made by dissolving 10 grms. in water 
making up to a liter. The standard was determined by taking 
measured and weighed portions from a burette, precipitating 
with a slight excess of potassium iodide, agitating to bring 
about a good separation of the thallous iodide, and allowing to 
stand until the supernatant liquid was clear. The iodide was 
then filtered off upon an asbestos felt contained in a perforated 
platinum crucible, the whole having been previously ignited 
and weighed, washed with a mixture of alcohol and water, 
dried over a low flame and weighed toa constant weight. The 
filtrate, which together with the washings seldom amounted to 
more than 50°, was evaporated to dryness on a water bath, a 
few drops of water added and thus the small amount of thal- 
lous iodide which had been dissolved recovered. This small 
insoluble residue, which seldom amounted to one milligram in 
weight, was filtered off, washed and weighed as previously 
described. Baubignyt has shown this method to give very 
satisfactory results, and the uniformity of our determinations 
certainly confirms his statements. 

For convenience in the calculations of results to be described 
later, a solution of potassium dichromate of definite strength 
was made. Portions of the thallium solution were drawn 
from a burette into test tubes of about 100° capacity and 
weighed as a check on the burette reading. The solution was 
heated to about 70° C. to 80° C. and a few drops of ammonia 
or potassium carbonate solution added to distinct alkalinity. 
A definite amount of the potassium dichromate in solution was 
delivered from a burette, care being taken to have an excess, 


* Chem. News, viii, 255. + Chem. News, vii, 145. 
Chem. News, Ixiv, 239. 
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and the contents agitated to bring about a good separation of 
the precipitated chromate. After the precipitate had com- 
pletely settled out and the solution had become cold the chro- 
mate was filtered upon asbestos, as described above, dried over 
a low flame and weighed to a constant weight. The filtrates 
from several determinations were evaporated to a small volume 
and in one or two cases a residue amounting to a few tenths 
of a milligram was obtained, but no appreciable quantity of 
dissolved chromate was thus recovered. It was found that 
when the precipitation was made in the cold the chromate did 
not flock well, but remained partly in a finely divided condi- 
tion which would run through the felt and require repeated 
filtration. The addition of ammonium nitrate before precipi- 
tation prevented this largely, even in the cold, but the best 
results were obtained by warming the solution before precipi- 
tation and using potassinm carbonate rather than ammonium 


hydroxide. The results follow in Table I. 


TABLE I. 


TINO; taken. Tl,CrO, found, Error. 
Calculated as T1,0. Calculated as T1,0. Calculated as T1,0. 


grm. grm. grm. 
(1) 00796 0°0005 — 
(2) 0°0792 0°0788 0°0004 — 
(3) 0°0792 0°0786 00006 — 
(4) 071188 01177 0-001L— 
(5) 071192 0°1186 0°0006— 
(6) 0°1185 0°1178 0°0007 — 
(7) 0°1190 0°1185 00005 — 
(8) 0°1189 0°1183 00006 — 
(9) 0°1196 0 2000 0 0004 + 
(10) 0°1196 0°2005 00009 + 
(11) 071173 0°1173 
(12) 01171 01163 0°0008 


An attempt was made to estimate the thallium volumetri- 
cally by determining the amount of chromate in the filtrate 
from the thallous chromate, and by difference (the potassium 
dichromate originally added being known) the amount com- 
bined with the thallium in the precipitate. The method used 
to determine the standard of the dichromate solutions and also 
the chromate remaining in the filtrate was described by one of 
us ip a previous paper from this laboratory.* “According to 
this procedure the filtrate from the thallous chromate contain- 
ing the excess of alkali chromate was aciditied with sulphuric 
acid, a definite amount of a solution of arsenions oxide, 
previously standardized, was added and the whole was allowed 


* This Journal, vol. i, 35, 1896. 
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to stand a few moments until the change from the yellow to the 
bluish green showed the complete reduction of the chromic 
acid. Potassium bicarbonate was added to distinct alkaline 
reaction and the arsenious oxide remaining was determined by 
titration with standard iodine solution. The amount of the 
arsenious oxide oxidized is of course the measure of the chro- 

j mate in the solution. The amount of chromate in the original 
solution used being known, by subtracting the amount thus 
determined in the filtrate, the chromate in combination with 
the thallium may be readily found, and from it the thallium 
estimated. Filtrates from certain precipitates, of which the 
determinations are given in Table I, were treated in this way, 
and the results, indicated by corresponding numbers, follow in 


Table II. 


TABLE II. 


Tl,CrO, found. Error. 


TINO; taken, 


Calculated Calculated Caleulated 
as T1,0. as T1,0. as T1,0. 
grm. grm. grm. 

(5 0°1192 071198 0:0006 + 
(8) 0°1189 0°1205 0°0016+ 
(9) 0°1196 0°1180 0°0016— 
(10) 0°1196 0°1192 0°:0004— 
(11) 0°1173 0°1182 0°0009 + 
0°1171 0°1190 00019 + 


The method cannot be very accurate on account of the high 
molecular weight of thallium oxide as compared with that of 
the chromic acid determined, but the results check fairly well 
with the gravimetric method. 

July, 1899. 
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SCIENTIFIC INTELLIGENCE. 


I. CHEMISTRY AND PuyslIcs. 


1. Existence of masses smaller than atoms.—At the late meet- 
ing of the British Association at Dover, Prof. J. J. Tuomson 
read an important paper on this subject. He considers that elec- 
trification consists in the removal from the atom of a small cor- 
puscle with which the negative charge is associated. The 
remaining large portion of the mass is positively charged. ‘This 
view is supported by Prout’s hypothesis that the mass of an atom 
is not invariable and by the evidence derived by Lockyer and 
others from spectroscopic observations.—Wature, Oct. 12, 1899. 

2. Dispersion of the Cathode Rays by magnetic force.—M. 
BirKEvAND has observed that when a narrow beam of cathode 
rays produced by an induction coil is deflected by a magnetic 
field, that certain rays are deflected more than others, and he has 
given to this effect the name of the magnetic spectrum. R. 
J. Srrutrr of Trinity College, Cambridge, has examined this 
subject and by the use of a storage battery of 800 cells shows 
that the formation of the magnetic spectrum is due to a pecu- 
liarity of the induction coil. The cathode rays produced by a 
battery are homogeneous.— Phil. Mag., Nov., 1899, pp. 478-480. 

J. T. 

3. A new Radio-active Substance.—M. A. DesieRne has iso- 
lated from pitchblende a substance which emits rays which are 
100,000 times stronger than those given off by uranium. They 
render gases capable of discharging electricity, excite the phos- 
phorescence of barium platino-cyanide and affect photographic 
plates. — Comptes Rendus, Oct. 16. J.T. 

4. Radio-active effect of Barium Salts and Polonium.—In the 
course of a paper on these subjects, F. Greset, the author, states that 
a surprising difference exists in regard to the Seger power of 
the rays of radium and those of polonium. While the rays from 
radium penetrate fairly well a silver thaler, the rays from 
polonium, although more intense, are absorbed by thinner metallic 
plates. The shadow of the hand and of metallic objects thrown 
by the polonium rays on a fluorescent screen are stronger in con- 
trast than when produced by the radium rays.— Wied. Ann., 
No. 9, 1899, pp. 91-94. J.T. 

5. Becquerel rays.—These rays seem to be Réntgen rays of 
feeble intensity ; incommon with them they act upon photographic 
plates, dissipate electric charges, and produce luminescence. The 
intensity of the rays appears to be kept up without apparent con- 
sumption of energy. J. Extsrer and H. Gerrer have studied 
the behavior of these rays, which were produced from a piece of 
Joachimsthal pitchblende of 300 grams weight, 7°" long, 5°™ 
broad and 1:5 thick. They appear to be uninfluenced by expo- 
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sure of the substance to cathode rays, to sunlight, or to heat. 
They were not deflected by a magnetic field. ‘Their power of 
rendering air a better conductor of electricity was lessened in 
such a field.— Wied. Ann., No. 9, 1899, pp. 83-90. & @ 

6. Magnetizing constants of inorganic substances. — STEFAN 
Meyer has made an extended study of the behavior of a large 
number of inorganic substances in the magnetic field and gives 
tabulated results, One of the most interesting facts he states is 
in regard to erbium. In the combination Er,O, it is four times 
stronger than Fe,O,. If in the pure metallic state it were as mag- 
netic as it is in the state of oxide, one could reduce the weight of 
dynamos one-sixth and still obtain the same output as when iron 
is employed.— Wied. Ann., No. 9, 1899, pp. 236-263. J. T. 

7. The Color Sensations in Terms of Luminosity ; by W. 
pE W. Asney. (Abstract.)—This paper deals with a determina- 
tion of the color sensations based on the Young theory by means 
of measures of the luminosity of the three different color com- 
ponents in a mixed light which matches white. At the red end 
of the spectrum there is only one color extending to near C, and 
there is no mixture of other colors which will match it, however 
selected. At the violet end of the spectrum, from the extreme 
violet to near G, the same homogeneity of light exists, but it is 
apparently due to the stimulation of two sensations, a red and a 
blue sensation, the latter never being felt unmixed with any 
other. Having ascertained this, it remained to find that place in 
the spectrum where the blue sensation was to be found unmixed 
with any other sensation except white. By trial it was found 
that close to the blue lithium line this was the case, and that a 
mixture of this color and pure red sensation gave the violet of 
the spectrum when the latter was mixed with a certain quantity 
of white. The red and blue sensation being located, it remained 
to find the green sensation. The complementary color to the red 
in the spectrum gave a position in which the green and blue 
sensations were present in the right proportions to make white, 
and a point nearer the red gave a point in which the red and blue 
sensations were present in ‘such proportions as found in white, 
but there was an excess of green sensation. By preliminary 
trials this point was found. The position in the spectrum of the 
yellow color complementary to the violet was also found. The 
color of bichromate of potash was matched by using a pure red 
and the last-named green, To make the match, white had to be 
added to the bichromate color. A certain small percentage of 
white was found to exist in the light transmitted through a 
bichromate solution with which the match was made, and this 
percentage and the added white being deducted from the green 
used, gave the luminosity of the pure green sensation existing in 
the spectrum color which matched the bichromate. Knowing the 
percentage composition in luminosity of the two sensations at 
this point, the luminosity of the three sensations in white was 
determined by matching the bichromate color with the yellow 
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(complementary to the violet) and the pure red color sensation. 
From this equation and from the sensation equation of the 
bichromate color already found, the composition of the yellow 
was determined. By matching white with a mixture of the 
yellow and the violet, the sensation equation to white was deter 
mined. The other colors of the spectrum were then used in 
forming white, and from their luminosity equations their percent- 
age composition in sensations were calculated. The percentage 
curves are shown. The results so obtained were applied to 
various spectrum luminosity curves, and the sensation curves 
obtained. The areas of these curves were found, and the ordi- 
nates of the green and violet curves increased, so that both their 
areas were respectively equal to that of the red. This gave three 
new curves in which the sensations to form white were shown by 
equal ordinates. 

A comparison of the points in the spectrum where the curves 
cut one another, and of those found by the red and green blind 
as matching white, show that the two sets are identical, as they 
should be. The curves of Koenig, drawn on the same supposi- 
tion, are called attention to, and the difference between his and 
the new determination pointed out. 

The red below the red lithium line, as already pointed out, 
excites but one (the red) sensation, whilst the green sensation is 
felt in greatest purity at 45140, and the blue at A 4580, as at 
these points they are mixed only with the sensation of white, the 
white being of that whiteness which is seen outside the color 
fields.\— Proc. Roy. Soc., No. 419. 


-II. AND MINERALOGY. 


1. Geology of the Aspen Mining District, Colorado ; by Josiau 
Epwarp Spurr; pp. 250, pl. lili, with atlas containing sheets 
xxx, 1898, U. 8S. Geological Survey, C. D. Walcott, Director. 
Monograph XXXI.—The detailed study of the Aspen District, 
made by Mr. Spurr, has resulted in an admirable solution of a 
difficult geological problem. The monograph, while it is pri- 
marily intended for those directly interested in mining, contains 
much that is of interest from a scientific point of view, and is a 
valuable addition to the literature of Mining Geology. The con- 
tents are briefly as follows : 

Introduction, by Mr. 8S. F. Emmons, geologist in charge. 
Chapter I. Description of rock formation. 
“ II. General descriptive geology. 
“III. Detailed description of various mines and pro- 
ductive localities. 
IV. Chemical geology. 
“ _V. Surface changes since ore deposition. Appendix. 

The accompanying atlas with its carefully prepared sheets, and 

the many plates in the book itself illustrate clearly the structure 


Am. Jour. Sct.—Fourts Serres Vor. VIII, No. 48.—DecemBer, 1899. 
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of the region, The following will serve as a brief outline of its 
geology: the intrusion of two distinct sheets of igneous rock 
into sedimentary beds of great thickness, representing deposits 
from the Archean through Cretaceous times; a general folding of 
the region and severe local disturbances in the vicinity imme- 
diately south of the city of Aspen, due, probably, to the pushing 
upward of a deeply buried igneous mass, resulted in a profound 
and complicated series of faults. The lines of faulting have since 
served as channels along which, widespread mineralization and 
chemical changes have been effected by mineralized waters. The 
‘ores, which are chiefly sulphides of lead and zine carrying silver 
and associated with a gangue of barite, quartz, and dolomite, are 
commonly found at the crossing of two faults, one dipping steeply, 
the other nearly horizontal ; and the theory is advanced that, 
ascending, mineral-bearing solutions in one channel meeting those 
of a different nature in another, caused a precipitation of ores at 
the contact. Since ore deposition, erosion has carried off the 
overlying strata to an amount estimated at 15,000 ft. and exposed 
the ore-bearing beds. Cc. H. W. 

2. Iowa Geological Survey, Vol. IX. Annual Report, 1898, 
with accompanying papers, by SamuEt Carvin and H. F. Barn, 
pp- 11-572, plates i-xiii, 1899.—The great bulk of this volume is 
devoted to the elaboration of the details of geology by counties. 
Discussions of particular interest are those on the Pleistocene dis- 
tribution and loess, as found in Udden’s report on Muscatine 
County, and in Norton’s report on Scott County, and in Bain’s 
discussion of the Pleistocene in Carroll County. Also of interest 
are Udden’s study of the range of species inthe Devonian beds of 
Muscatine County; and Norton’s facts on the contents of 
Devonian faunas in Scott County. The closing paper is by 
Mosnat on the Artesian wells of the Belle Plaine area. By means 
of the well records valuable details of underground structures 
are developed. w. 

8. Geoloyical Survey of Michigan, vol. vi, 1893-1897. L. L. 
Hubbard, State Geologist.—This volume consists of three parts. 
The first by Dr. A. C. Lanr, of 281 pp., is a geological report on 
Isle Royale. The structure of the island is thoroughly described 
and discussed with special reference to the copper mining industry. 
The petrography of the igneous rocks is also fully entered into. 
In the same thorough way Dr. Hupparp has given an account of 
Keweenaw Point in Part II, containing 155 pages. These reports 
are fully illustrated with maps, sections, diagrams and photo- 
graphs. In an appendix Dr. Cuas. Patacne gives the results of 
a detailed crystallographic study of the calcite crystals from the 
copper mines of the Lake Superior region, so long celebrated for 
the beauty and perfection of theirscrystallization. 

4. Report on Gypsum and Gypsum Cement Plasters ; by G. P. 
Grimstey and E. H. 8. Bartey, under the direction and with 
the assistance of Erasmus Haworth. Vol..V of the University 
Geological Survey of Kansas; pp. 183, plates xxx. Topeka, 


| 
| 
‘ 
os 
| 
\ 


Geology and Mineralogy. 467 


1899.—Some notes were given in the last number (p. 396) of 
recent work on the salt deposits of Kansas. The present interest- 
ing volume, published at about the same time, takes up the sub- 
ject of gypsum and describes with all necessary fullness the 
occurrence of the important deposits in the State, with also the 
technological and chemical aspects of the subject. 

5. Ueber Strandbildungen des Litorinameeres auf der Insel 
Mantsinsaari ; by J. Atrio (Bull. Commission géologique de la 
Finlande, 1898, pp. 41).—Of recent years the Finnish geologists 
have been carefully studying the ancient elevated sea margins of 
northern Europe. The present paper is devoted to those of an 
island in the great Ladoga Lake. Many interesting features 
regarding these littoral formations are described and there is an 
excellent map in colors showing the retrogression of the waters. 

L. V. P. 

6. Ueber eine Archiiische sedimentformation im siidwestlichen 
Finland ; von J. J, Severuotm (Bull. Commission géologique 
de la Finlande, No. 6, pp. 254, 1899).—The object of the author 
in this paper iv to show that aseries of metamorphic, schistose 
and crystalline rocks were originally true normal sediments which 
had been laid down in water or were of eolian origin, interbedded 
with effusive lava flows, and that they had belonged to a Pre- 
cambrian folded, mountain complex. The structure so far as 
possible, and especially the petrology, are very carefully worked 
out. It is a valuable contribution to the general knowledge of 
the subject of folded and metamorphosed rocks as well as of 
interest in its local application. In addition to cuts, plates and 
maps, it contains an excellent geological map of Finland. 

7. A Study of the Peat Bogs of Finland and their Fossil 
Quaternary Flora; by Gunnar Anvensson. (Bulletin de la 
Commission géologique de la Finlande, No. 8, Studier dfver Fin- 
lands Torfmossar och Fossile Kvartirflora. Helsingfors, Dec., 
1898.)—This study includes 21 text figures and 216 figures in 
four plates. It is based on a seven weeks examination of the 
Finland bogs, which, owing to their great extent, the writer con- 
siders to have been barely sufficient time. A number of sections 
are given, the uniform absence of shelly or marl layers being 
noticeable. 

As in western Scandinavia and on the Baltic side of Sweden 
three periods of elevation and subsidence are noted, marked by 
Yoldia, Ancylus, and Litorina horizons. With the exception of 
isolated fish bones, remains of vertebrates were not found, pre- 
sumably because of the action of humus acids and almost com- 
plete absence of lime in these Finnish bogs. The earlier bush 
flora following the glacial retreat is still being studied. No birch 
period, as sometimes proposed, was found to be present. An early 
well-marked pine flora appeared previous to the Ancy/us horizon. 
An elm flora near the close of the pine flora is doubtful. Three 
plants not now found in northern Europe, Ceratophyllum sub- 
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mersum, Platydema violacea, and Trapa natans, together with 
the southerly retreat of other plants, indicate a distinctly warmer 
climate for the post-ZLitorina oak period following the pine flora. 
The decline of the oak period is supposed to have been coeval 
with early man, the present being marked by fir forests in the 
south, and pine in the north. G. R. W. 

8. La Géologie expérimentale ; par Stanttas Meunier. 8°, 
pp. 311. Paris, 1899 (F. Alcan).—In this work the author has 
discussed in a popular manner a number of common geological 
phenomena as well as some of those more abstruse, and gives the 
details of rather simple experiments by which ‘these may be 
imitated and in many cases explained. The work is illustrated 
by cuts of apparatus. The teacher of geology will find it to con- 
tain many suggestive hints. L. V. P. 

9. Brief notices of some recently described minerals.—A paper 
by the late Prof. Arzruni and K. Thaddéeff, completed and edited 
by A. Dannenberg (Zeitschr. f. Kryst., xxxi, 229) contains 
descriptions of the following three new species from Chili. 

ARZRUNITE occurs in drusy crystalline crusts and rarely in dis- 
tinct small prismatic crystals, These are hexagonal in aspect but 
are shown optically to belong to the orthorhombic system ; the 
prismatic angle varies but little from 60°. The color is blue or 
bluish green with strong pleochroism, Two analyses by Thad- 
déeff, both on very small quantities, gave the following results : 

SO; Cl PbO SiO, Fe,0; CaO ZnO 
1. 807 1439 31°41 21°39 13°60 0°70 1°70 undet. undet. 
2. 13°06 946 33°38 1454 888 1°81 1°87 4°08 11:01=98-09 


These analyses vary widely, but by assuming the presence of 
various impurities, namely, quartz (SiO,), limonite (2Fe,O,. 
3H,0), gypsum (CaSO,+2H,0) and goslarite (ZnSO,+7H,0), a 
ratio is obtained for the pure mineral corresponding to a double 
salt of basic lead sulphate and basic copper chloride. The 
final formula obtained is PbO.PbSO,+3(CuCl,.H,O) + Cu(OH).. 
The exact locality is in the mine Buena Esperanza, Challacollo, 
Tarapaca, Chili. 

STELZNERITE occurs in loose crystalline masses and, implanted 
upon them, in fine green transparent prismatic crystals. These 
resemble brochantite closely, to which species the new mineral is 
allied chemically. The crystals belong to the orthorhombic sys- 
tem, the prismatic angle being 53° 28’. The specific gravity is 
3°884. An analysis gave Thaddéeff: 

SO; CuO H.0 Fe.03 CaO insol. 
22°40 67:08 10°22 0°34 0:06 0°44 100°54 


For this the formula caleulated is CuSO,.2Cu(OH),. The locality 
is Remolinos, Vallinar, Chili. 

Raraiiire forms a crystalline incrustation on galena, quartz 
and celestite. The crystal needles are transparent and of a violet- 
red color and metallic-adamantine luster. They belong to the 
monoclinic system and show considerable complexity of form, 
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the prismatic zone being highly developed. A qualitative analy- 
sis showed the mineral to be a lead oxychloride, but the material 
was too scanty to allow of an analysis. Locality, the San Rafael 
mine, Sierra Gorda, Chili.* 

The same authors also give a new examination of utabite in 
distinct crystals; the formula deduced is Fe,O,.8O0,.,2H,O. They 
further describe a basic bismuth carbonate from Schneeberg 
which seems to be new, having the composition, 5Bi,O,.H,O.CQ,, 

LoRANSKITE is a new tantalate first investigated by M. Meini- 
kow and named by him after A. Loranski. It occurs at Imbilax 
near Pikiiranta, Finland, in massive form in quartz veins, It is 
optically isotropic with conchoidal fracture; hardness about 5 and 
specific gravity nearly 4°6; color black and streak greenish gray. 
An analysis by P. Nikolajew gave : 

Ta,0; ZrO» Fe,0,; CeO Ca Ign. 
G.=4162 470 200 100 40 30 33 815 =95°45 


A small amount of sulphur and traces of titanium and manga- 
nese were not determined.—Zeitschr. f. Aryst., xxxi, 505, 

SrokesirE. This new mineral, named in honor of the dis- 
tinguished physicist, Sir George G. Stokes, is described by A. 
Hutchinson from a single crystal in the Cambridge Mineralogical 
Museum. The crystal is 10" in length and belongs to the ortho- 
rhombic system; it shows the forms / (010) and v (121). Cleav- 
age is perfect parallel to 2 and also good parallel to a prism 
taken as 110. The axial ratio deduced is @: 6 :¢ = 0°3479: 1: 
0°8117 (the author gives no angles). The physical characters are 
as follows: fracture conchoidal ; hardness about 6 to 6°5; specific 
gravity 3°185; luster vitreous, bat pearly on 4; colorless ; opti- 
cally positive with the axial plane parallel to 4 and the bisectrix 
normal to 001. 

A partial chemical examination has led to the conclusion that it 
is a hydrated silicate of sodium and calcium with about 6 p. ¢. of 
tin dioxide supposed to replace part of the silica.— Phil. Mag., 
November, 1899, p. 480. 

Von Diestire. M. Cumenge has recently described (Bull. 
Soc. Min., xxii, 25, 1896) a telluride of silver and bismuth from 
Colorado, discovered by the mining director Von Diest. It 
occurs in veins with copper minerals and auriferous pyrite in the 
Hamilton and Little Gerald mines on the slopes of the Sierra 
Blanca. An analysis by Knight has given the following results : 

Te Bi Ag Au Pv s insol, 
3460 40°25 4300 225 = 98°79 

10. A Preliminary Report on a Part of the Clays of Georgia; 
by Grorce E, Lapp, Assistant Geologist. Bulletin No. 6—A, 
Geological Survey of Georgia. W. S. Yeates, State Geologist. 
Atlanta, Georgia, 1898.—The latest addition to the valuable series 


* Tn the October number of the Mineralogical Magazine, received after the above 
was in type, it isshown by G. F. Herbert Smith that rafaélite is identical with 
paralaurionite (ibid., April 1899). 
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of bulletins published by the Georgia Survey is this pamphlet on 
the clays. It is a subject of great practical interest, and the in- 
formation brought together here will doubtless prove interesting 
to all concerned. The opening pages give an account of the 
properties of clays, their behavior with respect to water, heat, 
ete., and also methods of testing them. Following this is an 
account of some of the special localities at which valuable clays 
occur, particularly in the southern part of the state, with the 
results of chemical analyses and physical tests. 

11. A proposed International Journal of Petrology. (Com- 
municated.)—The Committee appointed by the Seventh Inter- 
national Congress of Geologists to consider plans for the 
establishment of an International Journal of Petrology has 
chosen Professor F. Becke of Vienna, well known as the editor of 
Tschermak’s Mittheilungen, President of the Committee, and has 
taken the first steps toward the organization of such a journal. 
It has been proposed that articles appearing in it shall be printed 
in French, German or English at the option of the author. 

While primarily intended for the publication of reviews and 
abstracts of all petrographical papers wherever published, it is 
suggested that it may include also articles which shall appear in 
it for the first time. The carrying out of this must depend upon 
the financial support the journal receives. 

The journal is to be managed by a committee appointed by the 
International Congress of Geologists, the committee to select an 
editor who shall have two assistants; the editor and assistants to 
receive salaries for their services. 

The desirability of having one source, thoroughly up to date, 
to which to turn for information concerning all matters published 
on petrology is self-evident to all attempting to keep abreast with 
the rapid advance of this science. One has only to observe what 
a great impulse to the science of mineralogy has been given by 
the establishment of Groth’s Zeitschrift fur Krystallographie, to 
be convinced of the usefulness and convenience of such a journal. 

The necessity of forecasting as correctly as possible the financial 
support obtainable for such a journal has suggested to the Ameri- 
can members of the committee the plan of calling attention to 
the enterprise and of inviting all interested in its success to com- 
municate to either of them such suggestions or information as 
may aid in estimating the amount of annual subscriptions or con- 
tributions that may be obtained from this country. 

It is expected that the chief support will come from individual 
subscriptions and from university and public libraries, but it may 
be possible to obtain assistance, in the first years of the undertak- 
ing at least, from other sources. 
J. P. Ipprxes, 

L. V. Prrsson, 
Members of the Committee for America. 
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1, A Text-book of Plant Diseases, caused by Cryptogamie 
Parasites; by Grorce Marser, F.L.S., Principal Assistant 
(Cryptogams), Royal Herbarium, Kew; pp. xii+458, with 92 
figures in text. London, 1899 (Duckworth & Co.); New York 
(The Macmillan Co.). —This account of plant-diseases is designed 
chiefly for farmers, gardeners and foresters who have little knowl- 
edge of cryptogamic botany and little time available for study. 
It is therefore written in a semi-popular style, but contains numer- 
ous references to literature for those who may desire to investi- 
gate particular diseases more thoroughly. In the short intro- 
ductory portion, the general characteristics of Fungi and of the 
less important parasites are briefly described, and attention is 
directed to the most satisfactory fungicides and to the methods 
in which they should be applied. The greater part of the book 
is taken up with the detailed descriptions of over two hundred 
diseases. In each case the appearance of the affected portion of 
the host-plant is described, together with the gross and minute 
structure of the parasite, and particular directions are given for 
preventing the spread of the disease. The more important dis- 
eases are fully illustrated by figures. At the close of the volumes 
the various Fungi treated are arranged in order and briefly re- 
described in scientific terms, The frequent mention made of the 
work done in the United States by botanists connected with the 
Department of Agriculture is worthy of note. A. W. E. 

2. Observations on the Colors of Flowers; by E. Witutams 
Hervey; pp. 105, 4 illustrations in text. New Bedford, 1899 
(E. Anthony & Sons).—The subject-matter treated in this little 
pamphlet ‘is divided into three parts. In the first, entitled 
** sequence of color,” the author brings forward numerous obser- 
vations to show that there are many exceptions to the sequence 
described by Grant Allen, who claimed that the primitive color 
of flowers was yellow, becoming white, red, purple, and, ulti- 
mately, violet or blue, as the flowers advanced in complexity. 
In the second part, entitled “honey-guides,” doubt is thrown 
upon the common interpretation of these interesting flower- 
markings, and it is claimed that they result simply from the local 
irritation caused by insect-visitors in their search for nectar and 
that the latter are not guided by them at all. In the third part 
the theory elaborated by Professor Miiller that flower-colors are 
produced through the selective agency of insects, is criticised. 

A. W. E. 

3. Text-book of the Embryology of Invertebrates, from the 
German of K. and K. Hertper; 3 vols. 8°. New 
York (The Macmillan Co.). Vol. I, Porifera, Cnidaria, Cteno- 
phora, Vermes, Enteropneusta, Echinodermata, translated by 
Epwarp L. Mark and W. McM. Woovwortn, pp. 500, 1895. 
Vols. II, Phoronidea, Bryozoa, Ectoproctu, Brachiopoda, Ento- 
procta, Crustacea, P aleostraca, and ILI, Arachnida, Pentasto- 
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mide, Pantopoda, Turdigrada, Onychophora, Myriopoda, Insecta, 
translated by Matitpa Bernarp and revised by Martin F. 
Woopwarp; pp. 4#1 and 453, 1899.—Professors Korschelt and 
Heider’s great work is one of the most valuable, if not the most 
valuable, of all the biological text-books which have appeared in 
the present decade. All English-speaking students of biology are 
deeply indebted to the several translators for attempting their 
part of the work, as well as for the painstaking labor they have 
bestowed upon it. Nothing can give a better idea of the recent 
progress of invertebrate embryology than a comparison of this 
work with the thin first volume of Balfour’s Comparative 
Embryology which appeared in 1880. The vast mass of litera- 
ture which appeared during the ten years from the time of 
Balfour’s work was carefully reviewed by Korschelt and Heider 
and condensed into their work, which gives full citations for each 
investigator’s contribution to the subject in hand, and thus 
becomes a complete guide to the literature of the period. Some 
idea of the extent of this literature is given by the indices to 
authors, the index in each of the three volumes of the translation 
containing 250, or more, names, 

Many additions have been made to the original text both by 
the authors and the translators, so that the work is in great 
measure brought down to the time of publication. This is 
especially true of the bibliographical lists which include the 
recent literature very fully. The translation throughout, like 
that of Prof. Mark’s admirable translation of Hertwig’s classical 
Text-book of the Embryology of Man and Mammals, cannot be 
too highly praised. It is clear and accurate without the use of 
German words or German idioms. In rendering Anlage into 
English Prof. Mark introduced the word fundament, which was 
used throughout the first volume. In the subsequent volumes 
Dr. Woodward has substituted the much abused word rudiment, 
returning to the primary meaning of the vy. rd which Darwin and 
most recent biologists have unfortunately misapplied to vestigial 
structures. This appears to the writer a reasonable substitute for 
fundament, primordium, proton, etc.,.as well as for the un-English 
Anlage, and a possible solution of a much vexed question, but it 
is scarcely to be expected that it will be generally accepted. The 
mechanical execution of the work is excellent, but the change in 
the size of the page after the first volume appears unfortunate. 

The translators of the first volume were unable to continue the 
work and there was a tantalizing delay in the appearance of the 
second volume, which, however, was “ery quickly followed by 
the third, and in the preface to this Dr. Woodward states that 
he hopes to publish the fourth and concluding volume, containing 
the Mollusca, Ascidia, and Cephalopoda, at the end of the year. 

4. A Text-book of Vertebrate Zoology; by J. 8. Krnesrey. 
8°, pp. 446. New York, 1899 (Henry Holt and Co.).—This is an 
advanced text-book intended to follow and supplement laboratory 
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work and lectures. It is divided into two nearly equal parts, an 
outline of. the morphology of vertebrates based on embryology, 
and an outline of a classification. ‘The first part covers essen- 
tially the same ground as Wiedersheim’s Elements of the Com- 
parative Anatomy of Vertebrates but with a very different 
arrangement, the morphology of the organs being taken up under 
entodermal, ectodermal, mesothelial, and mesenchymatous struc- 
tures. This is followed by brief accounts of the segmentation of 
the head, the early history of the ovum, and the origin of the 
vertebrates. In the second part, fossil forms are included, the 
classification is carried as far as orders, and the birds are ranked 
as a single class of four orders. A large number of the 378 well 
chosen illustrations are original. The large proportion of dia- 
gramatic figures is a valuable feature of the work, which includes 
an important field not well covered by any other text-book. 
S. I. S. 

5. Insects, their Structure and Life ; by GrorGe H. Carpenter. 
8°, pp. 416. London, 1899 (J. M. Dent and Co.).—This little 
treatise, very modestly called by the author “A Primer of 
Entomology,” is a condensed sketch of the whole subject of 
which it treats, written in simple, untechnical language, and very 
fully illustrated with wel! selected figures. The subjects of the 
six chapters are: structure, life-history, classification, orders of 
insects, insects and their surroundings, and the pedigree of 
insects. While of necessity a compilation, the vast mass of material 
used is so thoroughly digested and up to date that the result 
is very satisfactory. The references to the literature at the end 
of the volume are very full for a work of this kind and make a 
good guide to the more important recent work in entomology. 


There is a good index and the paper and printing are excellent. 
S. 1. 8. 


IV. MIscELLANEOUS SCIENTIFIC INTELLIGENCE. 


1. November Meteors of 1899.—It appears to be almost certain 
that the earth at this crossing of the orbit of the Leonids has 
passed through a portion of the stream of comparatively small 
density. Press reports extending from India, where Weiss of 
Vienna had stationed himself, to California agree in describing 
the shower as but a slight one and the most favored localities 
seem to have had a display of Leonids inferior to that of an 
average August shower. 

Two obvious reasons suggest themselves immediately for this 
meagerness. First, an actual large variation of density of the 
stream, even near the points of main condensation, one of which, 
it will be remembered, was the source of the display in 1833 and 
is not due to arrive at the earth’s orbit until May, 1900, Secondly, 
the possibility of planetary perturbations since 1766, when the 
earth last encountered the part of the stream due this November, 
having materially diverted this part from a close approach to the 
earth’s orbit. This is quite within reasonable probability, as, 
according to Messrs. Stoney and Downing, the perturbations of 
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the orbit of the Leonids seen in 1866 have brought its intersec- 
tion with the ecliptic over 1,000,000 miles inside the earth’s path; 
and it is doubtful whether the stream possesses as great a thick- 
ness as that. 

At New Haven the-nights of Nov. 13-14 and 16-17 were per- 
fectly clear, that of Nov. 15-16 mostly so after 1 a.™., Nov.’ 
14-15 completely overcast throughout. Watch was kept at the 
Yale Observatory during this period and continuous photographs 
secured. But in all only 7 meteors of any brightness, 6 of them 
Leonids, were recorded as falling in the camera fields and none of 
them were bright enough apparently to impress themselves on 
the plates. W. L. E. 

2, National Academy of Sciences.—The following is a list of 
the papers accepted for reading at the meeting of the National 
Academy held in New York on Nov. 14, 15. 

Oapen N. Roop: Variations in normal color vision. 

J. McKeen Cartett: The time of perception as a measure of difference in 


intensity. Relations of time and space in vision. 
THEODORE WILLIAM RicHARDS: The electro-chemical equivalents of copper 


and silver. 

Epwarp C. PicKertnG: Recent results of the Henry Draper Memorial. 

R. 8. Woopwarp: The statical properties of the atmosphere. A direct proof 
of the effect on the Eulerian Cycle of an inequality in the equatorial moments of 


inertia of the earth. 

GeEoRGE F, BARKER: The hydrogen vacua of Dewar. 

CuHartes S. Peirce: The definition of continuity. Topical geometry, in 
general. The map-coloring problem. 

K. W. Mortey: Memoir of W. A. Rogers as a physicist. 

Hexry P. Bownpitcn: Report of the Delegates to the Wiesbaden Congress to 
consider the establishment of an International Scientitic Association. 


3. The Races of Europe; by Wia1am Z. Rietey, Ph.D. ; 
pp. 1-608 with a supplementary volume (159 pages) on the 
bibliography of the sulject. New York, 1899 (Appleton & Co.).— 
These volumes are by a recognized leader in social science and 
constitute a sociological study, but will be equally welcomed by 
historians, anthropologists and geographers. Historians are rec- 
ognizing the need of data regarding the physical make-up and 
traits of the peoples who have been and are now the actors on 
the historical stage. Anthropologists and geographers have long 
known that the fauna, flora, climate and geographical features 
have had a decided influence on the human species, but just how 
much and where these influences have been felt is a present point 
of discussion. It appears from the supplementary bibliography 
that there is a vast amount of raw material regarding races and 
physical environment. Much of it, however, is of uncertain 
quality and not easily accessible. Prof. Ripley has put us under 
obligations by collecting, weighing, interpreting and arranging 
this abundant original material and presenting it in an attractive 
manner. The amount of labor accomplished by the author and 
the saving in time for the reader will be appreciated by those who 
have done similar work. The European races with their colonial 
outgrowths form such complex groups, and their relationships and 
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geographical environment are so various, that all the inter-related 
social influences are involved when an effort is made to account 
for their condition. The author has wisely taken two of these 
forces, viz: race and physical environment—the only forces in 
social affairs which seem to rest on definable scientific founda- 
tions. The value and limitations of these two influences are 
traced throughout the book and the discussion of environment vs. 
race (Chapter x1x) is an attempt to explain the particular effect 
of each. 

In the arrangement of the book the anthropological data— 
language, head form, color of hair and eyes, and stature—are first 
discussed, and groupings of the European people are made in 
accordance with these principles. Each race and type is then 
described in detail in a thorough, interesting manner, Students 
will be especially grateful for the clear presentation of the facts 
in regard to the little-known races of southeastern Europe and 
Asia Minor. The chapter on the Jews brings out their striking 
social solidarity and their equally striking response to environment. 
This chapter well deserves the attention it is receiving from 
scholars. Acclimatization (Chapter xx1) is of timely interest in 
that it treats of the possibility of adaptation of white races to 
tropical climates. 

The illustrations are an important feature of the book. The 
portrait pages are serviceable in that they enable the reader to 
study the physical features of the race types almost at first hand. 
The numerous maps deserve commendation because they are 
made solely to illustrate the point in hand and not as an exhibi. 
tion of artistic skill. 

From the standpoint of the student—especially the English- 
speaking student—no more important contribution has been made 


to the broad field of social science than Ripley’s Races of Europe. 
H. E. G. 


4. Ostwald’s Klassiker der Exakten Wissenschaften. Leipzig, 
1899 (W. Engelmann).—Recent additions to this valuable series 
of scientific classics are the following: 

Nr. 104. Untersuchungen iiber die Chemischen Affinititen. Abhandlungen 
aus den Jahren 1864, 1867, 1279. Von C. M.Guldberg und P. Waage. (182 pp.) 

Nr. 105. Ueber das Geschlecht der Pflanzen. (De sexu plantarum epistola.) 


Von R. J. Camerarius. (1694.) (78 pp.) 
Nr. 106. Abhandlung iiber Dynamik. Vou D’Alembert, de l’Académie Royale 


des Sciences. (1743.) (210 pp.) 

Nr. 107. Wahrscheinlichkeitsrechnung (Ars conjectandi). Von Jakob Ber- 
noulli. (1713.) Erster und zweiter Theil. (162 pp.) 

Nr. 108. Wahrscheinlichkeitsrechnung (Ars conjectandi), Von Jakob Ber- 
noulli. (1713.) Dritter und vierter Theil mit dem Anhange: Brief an einen 
Freund tiber das Buallspiel (Jeu de Paume). (172 pp.) 


OBITUARY. 

Sir J. Witttam Dawson. A telegram from Montreal, dated 
November 19, announces the death of the distinguished Canadian 
Geologist, Sir J. William Dawson, Principal of McGill Univcr- 
sity. A notice of Dr. Dawson is deferred until a later number. 
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Meunier, Experimental Geology, 468. 

Michigan Geological Survey, vol. vi, 
466. 

Michigan, mouth of Grand River, 
Mudge, 21. 

Microscopical Society, American, 399. 

Mineralogy, First Appendix to Dana’s 
System, 236. 

MINERALS— 

Amphiboles, etching figures, Daly, 
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Ganomalite, Sweden, 348. Garnet, 
Idaho, 299. Glaucochroite, New 
Jersey, 343. Gypsum, Kansas, 
466. 
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Orthoclase, Japan, 157. 
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SYSTEMATIC COLLECTIONS 
For teaching MINERALOGY, GEOLOGY and ZOOLOGY a specialty. Single specimens also 


furnished. 
RELIEF MAPS AND MODELS. 
The one establishment in America where correct and artistic work in this line is done. 
Send for list of 48 Relief Maps for Schools and Colleges. 
LANTERN SLIDES, CHARTS, ETC. 
METEORITES. 
A good price ay for all kinds. Have the best machinery for cutting and polishing. Have 
now on hand for sale about FOUR TONS OF METEORITES from 40 cents to $200 per Ib. Among 
them are Caion Diablo complete, 40 cents to $1.00 per pound. Polished and etche dsections 4 


to 5 cents per gram. 

Per Gram. Per Gram. 
Toluca, . 8to 5cents. Cross Roads (5), . $3. 
El Capitan (1), . Wtow * New Concord, ° 5 to 10. cents 
Cherokee (1), - Winnebago. . « « _8told 
Rockwood (2), . Sto 8 Kessen, . ‘ 
Dojia Inez (3), - Wtol “ Pultusk, ° ib 
Llano del Inca (3), Mt. Joy « - 8tol2 * 


Fayette Co (4), . 8to8 * 
(1) Described in this Journal Sept., 1895. ) Ibid Nov., 1887. (3) Proc. Roch. Acad. Sci. 
Vol.1. (4) This Journal Aug., 1888. (5) loid July, 1893. (6) Ibid June, 1894. (7) Ibid Nov *, 1892. 
EDWIN E. HOWELL, 612 17th St., N. W., ee D. C. 


DANA’S WORKS 


AMERICAN Book Co., New York.—Maanual of Geology, by J.D. Dana. Fourth 
Edition, 1895. 1088 pp. 8vo. $5.00.—Text-book of Geology by the same. 
5th ed. revised by Wm. North Rice, 1898. 482 pp. 8vo. $2.00.—The Geo- 
logical Story Briefly Told, by the same. 264 pp. 12mo. 

J. Witey & Sons, New York.—System of Mineralogy of J. D. Dana. 6th 
edit. by Epwarp S. Dana. I xiii, 1134 pp. large 8vo., 1892. $12.50. Appen- 
dix I, 75 pp., June 1899. $1.00. 5th edit., 1868, with three appendices, 
1872, 1875, 1882, $5.00.—Manual of Mineralogy & Lithology, by J. D. 
Dana. 4th edition. 517 pp. 12mo., 1887, $2.00.—Text-book of Mineral- 
ogy, by E.S. Dana. Revised edition. 593 pp. 8vo., 1898, $4.00.—Minerals 
and How to study them; a book for beginners in Mineralogy, by E. 8. 
Dana. 380 pp. 12mo., 1895, $1.50.—Text-book of Elementary Mechan- 
ics, by E. S. Dana. 300 pp. with numerous cuts, 12mo., 1881. 

Dopp & Mgeap, New York.—Corals and Coral Islands, by J.D. Dana. 440 pp. 
8vo. 3d ed., 1890.—Characteristics of Volcanoes, with contributions of 
facts and principles from the Hawaiian Islands, by J. D. Dana. 399 pp. 8vo. 


With illustrations, maps, ete. 1890. 
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MINERALS. 


CELESTITE. 


Having recently purchased all of the best crystals taken from 
the noted “Strontian Cave” at Put-in-Bay, Ohio, we can offer 
these at much less prices than crystals of like quality have 
before been sold. The better ones range from five to seven 


inches in diameter, with magnificent terminations. 
These are from $5.00 to $8.00 each 


Crystals from three to on edtien 4 in diameter, $1.00 to $5.00 each 
Smaller crystals, good terminations, 5c. to $1.00 


Variscite, Lewiston, Utah, ‘ 50c.. to $5.00 
Wardite, 50c. to $8.00 

Selenite Crystals, Utah. We iain still a large series 
of these giants, crystals, . $6.00 to $15.00 
Maraposite, Maraposa Co., Calif., , ; 50c. to $1.50 
Wiikite, Impilahti, Finland, ‘ ‘ to $2.00 
Sordavalite, Sordavala, Finland, . to $1.50 
Chrysoberyl, Helsingfors, Finland, —. ; 50c. to $1.50 
Tantalite, Kimito, Finland, 50c. to $2.00 
Pargasite, Pargas, ‘ 25e. to $1.50 


Wernerite,’ 
Hornblende, “ _fine crystals, . . $1.00 to $2.50 


Gmelinite, Stilbite, Heulandite, Acadialite, Chab- 


azite, etc., from Nova Scotia, in choice specimens, 
to $3.50 


METEORITES. 


We can now supply specimens of the Allegan Aerolite, 
which fell July 10, 1899. Send for prices. 

Schreibersite from the Sao Juliao meteorite, 50c. per gramme. 

If you have Meteorites for sale, or Meteorites you wish cut 
and polished, write us. 


Natura Science EstaBlisHMENT 


30 TO 40 COLLEGE AVE., ROCHESTER, N. Y. 
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LAZARD CAHN 


DEALER IN 


CHOICE SPECIMENS OF MINERALS, 


143 East 21st Street (Gramercy Park), New York. 


CHRISTMAS OFFERINGS. 
Large Museum Specimens. Beautiful Groups at Moderate Prices. 


Sulphurs. Clusters of large, lustrous, transparent crystals, from Sicily, $5.00 
to $18.00. 

Calcites. Two extraordinarily bright limpid yellow crystals, from a cave 
near Joplin, Missouri. Prices $12.50 and $15.90 respectively. 

ites. Groups of brilliant dodecahedrons from the Saratoga Mine, Gilpin 

Co.. Colorado. No longer obtainable. $2.00 to $10.00. 

Amazonstone. One large aggregate of fine green-blue crystals remains 
unsold ; Crystal Peak, El Paso Co., Colorado. Price, $45.00. 

Microcline, flesh-colored basal twins associated with good smoky quartz, 
Crystal Peak, Colorado. $20.00, 

Quartz and Calcite on clirysocolla, of a fine blue shade ; Globe, Arizona. 
$5.00 to $22.50. 

Gypsum, Ischl, Austria; superb. $12.50. 

Blue Topaz, with smoky quartz, albite and damourite; exceedingly choice. 
Mursinska, Urals. $65.00. 

Quartz group not easily equalled, Hot Springs, Arkansas. Price, $20.00, 

Yellow Fluorite group, Cumberland, England. $12.50. 


SMALLER SIZED SPECIMENS. 
Late Arrivals. Novelties. Rareties. 


Nasonite, Clinohedrite, Hardystonite, xld Zincite, Hancockite 
and Roeblingite from Franklin Furnace, New Jersey. 

Sphalerite .in simple tetrahedra from Ouray County, Colorado. 

Carnotite of extra quality (only a little) from Montrose County, Colorado. 

Pearceite, Crystallized, and Mimetite, extra choice. from Tintic District, 
Utah. The latter is of especial interest because it is practically free from phos- 
phorus. 

Calaverite in loose, large, well terminated crystals, from Victor Teller 
County, Colorado. 

Powellite, Whitneyite, Dome2ykite and Huntilite from Houghton 
County, Michigan. 


FROM ABANDONED LOCALITIES AND FROM 
BROKEN UP OLD COLLECTIONS. 


Brucite and Penninite from Texas, Lancaster County, Pennsylvania: 
Blue Apatite from Rossie, New York; Hooded Analcite, Datolite, 
Tabular Apophyllite, Analcite in composite crystals, from Phoenix, Michi- 
gan; Titanite, Pyroxene and Loxoclase from Diana, New York ; Calamine 
in pure white crystallized pieces from Ogdensburg, N. J.; Microlite, Amelia 
Court House, Virginia; Arseniosiderite, Romauéche, France; Clinohumite, 
Nephelite, Meionite, Melilite, Humboldtilite, White Zircon, Vesu- 
vianite, Sodalite and Molysite from Vesuvius; Dioptase from the Khir- 
gese Steppes and from Brazos River, French Congo; Haytorite (chalcedony 
pseudomorph after datolite) from Devonshire, England; Oerstedite (a variety of 
zircon containing four per cent of uranium) from Chesterfield, Massachusetts ; 
Tabasheer obtained from the joimts of bamboo near Calcutta, India; Eding- 
tonite, Bélet Sweden; Skutterudite, Modun, Norway, and Safflorite, 
Schneeberg, Saxony. 


WE MANUFACTURE AND HAVE IN STOCK 


MICROSCOPIC THIN SECTIONS 


Of almost all rocks mentioned in our catalogue No. III. If this 
catalogue is not yet in your possession write for it, as it is sent 


fre of charge. 
Ve mention only a few of our 


Sets of Microscopic Thin Sections : 


50 thin sections of the most important rocks of Germany, $20.00 


“ Tgneous rocks of Arkansas, - - 12.00 
9 “ Colorado, - - 10.50 
12 “ “ “ 5.50 
* “ Rocks of Massachusetts, - - 10.50 


All in neat wooden cases, carefully numbered and labeled. 
Nicest workmanship and perfect finish, 

All thin sections are carefully examined before we ship them. 
If you send us your material, we manufacture microscopic thin 


sections at lowest rates. 


We call your special attention to our sets of rocks from 
Arkansas, Colorado, Massachusetts, German localities, 


ete. 
Our coilections illustrating the 


“Origin of Soil from the different kinds of 
Igneous Rocks ” 
were warmly welcomed. 


All special notes in our catalogue. 
Send for our Catalogue of Rocks, No. III, November edition, 


1899. 


DR. OTTO KUNTZE, 


Towa Mineral Office, 


IOWA CITY, IOWA. 
Box 1898. 
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THE YALE REVIEW, 


A QUARTERLY JOURNAL FOR THE SCIENTIFIC DISCUSSION 
OF ECONOMIC, POLITICAL AND SOCIAL QUESTIONS. 


Published quarterly on the fifteenth of May, August, November and February. 
Under the able editorial management of 


President ARTHUR T. HADLEY, 
Professors HENRY W. FARNAM., 
JOHN C. SCHWAB, 
EDWARD G. BOURNE, 
W. F. BLACKMAN, 
and IRVING FISHER. 


‘* Committed to no party, and to no school, but only to the advancement of sound 
learning, it aims to present the results of the most scientific and scholarly investiga- 
tions in history and political science.” 


Valuable features of the REVIEw are the department of Notes and the Editorial 
Comment on the current and live topics of the day. 


Subscription Rates, $3.00 per year, in advance. 
Single numbers, 75 cents. 


Sample copies sent free on application. To new subscribers back issues Vol. I 
to IV sent at $1.00 per volume unbound. 


TUTTLE, MOREHOUSE & TAYLOR, 
NEW HAVEN, CONN. 


TUTTLE, Morenouse & Taytor are also printers of Scientific Works and 
Works in Foreign Type, in German,.Greek, Hebrew, Arabic, Syriac, Sanskrit; 
printers of The Yale Literary Magazine; Catalogues of Yale University; The 
American Journal of Science and Arts: Journal of the American Oriental 
Society: Transactions of the Conn. Academy of Arts and Sciences; Germanic 
Philology; Biographies, Genealogies and kindred Works. 


THE PHILOSOPHICAL WORKS OF LEIBNITZ: 


With notes by GEORGE MARTIN DuNcAN, Professor in Yale University. 
400 pp. 8vo, bound in cloth, $2.50. 


THE PHILOSOPHY OF KANT, 
In Extracts. Selected by Prof. Joan Watson, LL.D., Professor in Queen's 
University, Kingston, Canada. 194 pp. 8vo, paper cover, 90 cents. 


Above works sent postpaid on receipt of price. 


PUBLISHED BY 


TUTTLE, MOREHOUSE & TAYLOR, 
NEW HAVEN, CONN. 
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Published As Heretofore 
| Every Saturday THE LIVING AGE will continue to supply its readers 
and giving about with the Choicest of the Best, the Most Valuable 
of the Each Weekly Number 
W + Contains sixty-four pages, in which are given, without 
orld S abridgment, the most interesting and important contri- 
Best butions to the periodicals of Great Britain and the 
s Continent, from the weighty articles in the quarterlies 
Liter ature to the light literary and social essays of the weeklies. 
All Departments 
Science and Art knowledge and discussion which interest intelligent 
Biography readers, with fiction and poetry, are represented in its 
Politics 
Discovery Original Translations 
Public Affairs of striking articles from Continental sources are made 
P <i expressly for the magazine by its own staff of trans- 
Literary Criticism lators. 
4 d 
Fiction and Poetry A Short Story 
Popul ar, yet of and an instalment of a serial story appear in each issue. 
’ 
Permanent =A Monthly Supplement 
V | | presents readings from the most important new books, 
alue | editorial notes on books and authors, and a list of the 
Indispensable to the =| ~—-Pooks of the month. 
sinemnaints enaned | Published Weekly at $6.00 a year. Single numbers 15 cts. 


**Made up of every creature’s best.”’ 


A Weekly Magazine of Contemporary Literature and Thought. 


In order to introduce THE LIVING AGE to the readers of THE AMERICAN 
JOURNAL OF SCIENCE not now on its subscription lists, the publishers will send 
the two magazines, each one year, postpaid, for $9.50. This offer is good only to 
absolutely NEW SUBSCRIBERS to The Living Age. 

FREE To all NEW SUBSCRIBERS for the year 1900, remitting before Jan. !, 
the weekly numbers of 1899, issued after receipt of their subscriptions, 
will be sent FREE. 


Address THE LIVING AGE CO., P. 0. Box 5206, Boston, Mass 
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EMERALD- -GREEN FLUC 


Ten days’ work has been done, under the —. 
vision of our Mr. Fraser, at the new Fluorite ic. 
New Hampshire, noticed in our Fall Bulletin. « 
large lot of specimens of remarkably rich color \ 
secured. Well-formed crystals are rare and in all case. 
the faces are curiously etched. While none of the erys- 
tals are sharp, their wonderfully deep and rich color 
makes them the most attractive American Fluorites we 
have ever placed on sale. The best crystals are priced 
50e. to $2.00; crude crystals of splendid color, 10c. to 
50e. Cleavage octahedrons, of rich colors, exceedingly 
beautiful, and worthy of a place in the best collections, 


5e. to 50c. 
A REMARKABLE LOT OF CHIASTOLITES. 

The largest lot we have ever had, and incomparably finer than any we have 
ever seen. There is not only a lot of the ordinary single crystals with one end 
ground and varnished, at 10c. and 15c. each, but also a splendid series of matrix 
specimens showing one or more crystals, at 25c. to 33.00. 

A NEW FIND OF CHESTERLITE. 

The old Poorhouse Quarry in Chester County, Pennsylvania, was recently 
worked by the county after being closed for many years and it has now been 
abandoned again, doubtless for another long’ period, if not permanently. We 
have been so fortunate as to secure the pick of a large lot of Chesterlite speci- 
mens taken from this quarry. Good groups, loose and on the matrix, 10c. to 


$1.50. 
TEXAS, PA. MINERALS. 

The old Wood’s Mine at Texas, Pa., was famous many years ago for its splen- 
did specimens of a number of minerals rarely found elsewhere. The piles of 
Chromite which have been there all these years have just been shipped to Balti- 
more and nothing will ever again be obtainable from this locality. From two 
correspondents we have secured an excellent lot of Wood’s Mine minerals, among 
which are about 50 excellent Zaratite and Genthite specimens at 25c. to 
$1.50; about 25 Ripidolites at 10c. to 50c.; several good pieces of Baltimor- 
ite at 10c. to 50c. We have also laid in a stock of the massive Chromite for 
which the mine was worked, and will sell it at 10c. per lb. as heretofore. From 
Chester County we have secured 25 good specimens of the rare mineral Roseite, 
which we will sell at 50c. to $1.50. 


KOKOMO ORTHOCLASE CRYSTALS. 

A lot of 500 of these well-known crystals, many of them Carlsbad twins. has 
just been purchased at a low price. The best crystals are priced 5c., 10c. and lie. 
each. The poorer ones will be sold in lots of not less than five at one cent each 
— ery of course is extra). 


CHOICE ARKANSAS QUARTZ. 


Another and larger shipment of Quartz crystals and groups greatly enriches 
our stock of specimens from this well-known locality. Many novelties are in 
this lot, such as twisted, healed, and interpenetrating crystals. 5c. to $1.50. 


OTHER RECENT ADDITIONS. 


Cyanite, bright blue, long blades, from a new locality in N. IL, 10c. to 50e. 

Rutile crystals from N. CU. in long, very slender, brilliant needles, 10c. per 
doz. to 50c. each. 

Columbite crystals from N. C., 10c. to $1.25. 

Samarskite crystallized, 10c. to $1.50. 

100 groups of large, brilliant Datolite crystals from Connecticut, 50c. to $1.50. 

Iolite, rich blue, from Connecticut, 25¢c. to $1.00. 

Selenite crystals from Ohio and Kansas, in great profusion and of superfine 


quality. 
Hancockite, Hardystonite, Whitneyite, Guitermanite, Alaskaite, 


Dyscrasite, Krennerite, etc, etc. 


Our Fall Bulletin describes and illustrates many other recent additions. 


Free. 
124 page Jilustrated Catalogue, 25c. in paper; 50c. in cloth. 
44 page Illustrated Price Lists, also Bulletins and Circulars FREE. 


GEO. L. ENGLISH & CO., Mineralogists, 
$12 and 814 Greenwich Street (S. W. Corner of Jane Street), New York City. 
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